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(54) Information recording medium which indicates information according to the wobbling of a 
track and information recording and reproducing apparatus 



(57) An optical disk comprising a substrate 4, and a 
plurality of tracks 269 to 273 formed on the substrate 4, 
wherein the plurality of tracks 269 to 273 include groove 
tracks 270, 272 consisting of a plurality of grooves mu- 
tually space apart by a fixed space, and land tracks 269, 
271 , 273 consisting of areas between the groove tracks, 
wherein the borders 14, 15 between the groove tracks 
and the land tracks represent information using the 
waveforms from their wobbling patterns, wherein the pe- 
riod of the wobbling waveforms of the borders 14, 15 
are constant on each border, but the wobbling wave- 
forms of the opposite portions of the borders across the 
track are shifted in phase by a predetermined phase dif- 
ference. 
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Description ' ' ' 

. The present invention relates to an information re- 
cording medium for optically recording or reproducing 
information, and an information recording and reproduc- 
ing apparatus for recording or reproducing information 
oh the information recording medium. 

Optical disks are known, such as compact disks and 
magnetooptical disks, which optically record information 
by changes in the reflectance factor or changes in the 
polarization direction of reflected light, for example. A 
track 261 is formed in a spiral form on the surface of an 
optical disk as shown in Fig. 26. Along this track on the 
. optical disk, information marks caused by the changes 
in the reflectance factor or the change's in the polariza- 
5 tion direction of the reflected light are formed to record 
information on a surface of an optical disk 260. 

A circuit of the track 261 is divided into an integral 
number of blocks262. Each block262 is divided accord- 
ing to a predetermined disk format into a plurality of ar- 
eas, on each of which user data and control information 
for use in recording or reproducing user data is record- 
ed. The blocks are also called sectors. 

As an example of disk formats, the format of a re- 
writable magnetooptical disk 130 mm in diameter and 
witha recording capacity of 1.3 GB, standardized by ISO 
(International Standardization Organization) will be de- 
scribed with reference to Fig. 25. In Fig. 25 : the numbers 
given below the information areas denote the numbers 
of bytes of the related items of information 

The capacity for one block (sector) 262 is 1410 
bytes. One block includes at its leading end a preformat- 
ted. header segment 250 of 63 bytes. In the format of 
; * Fig: 25, information in the preformatted header 250 is 
; recorded with information marks consisting of prepits 
formed at the time of manufacture of the optical disk. 
J' Information other than that in the preformatted header 
segment 250 is nbt preforrnatted, b'ut is recorded with 
rewritable information marks. 

The preformatted header segment 250 includes a 
' sector mark segment (SM) 256 to record information to 
indicate the leading end, of this block, a VFO segment 
257, an address mark segment (AM) 258, an address 
information segment (ID) 259, and a PA segment 267. 
;■ . The address information segment (lb) 259 has recorded 
\ therein information id indicate the location of this block 
262 on the optical disk 260, : and has a self -clocking func- 
tion to generate a clock signal from its own information 
during reproduction. The VFO segment 257 has record- 
' ed therein information to designate a specific frequency 
' for pull-in when generating a clock signal for the address 
information segment 259. The AM segment 258 has re- 
corded therein information to indicate that there is an 
address information 1 segment' (lb) 259 in the subse- 
quent segment. In each preformatted header, a VFO 
. ' segment 257, an AM segment 258, "and'ah address in- 
formation segment 259' are arranged twice in succes- 
sion; and the PA segment 267 is provided to adjust the 



1 ' length bf the information marks in the Whole area of the 
preformatted header segment 250. 
' Behind the preformatted' header segment 250. aft 
ALPC-GAPS v segment 251 is provided. 7 The ALPO- 
5 GAPS segment 251 includes a FLAG segment 265 to 
show whether or not data has been recorded in a data 
field 254, an ALPC segment 266 for recording informa- 
tion to control the power of the laser in recording, and 
GAP segments 264 as buffer portions placed between 
to the segments. ; 

Following this, a data field 254 for recording user 
data is provided. The' data field 254 also has a self-clock- 
' ing function. Before the data field 254, a VFO segment 
.252 and a SYNC segment 253 are provided. In the VFO 
*s segment 252 : a specific frequency is recorded for pull- 
in for generating a clock signal in synchronism with data 
when reproducing data from the data field 254. In the 
SYNC segment 253, information about timing for de- 
modulating information during reproduction is recorded. 
20 in the data field 254, RESYNC segments 268 and 
data segments 267 are alternately provided. The RE- 
SYNC segments 268 are provided to re-attain synchro- 
nism when loss of synchronism occurs between data 
and clock during the self-clocking operation. Data 267 
2S consists of information 1040 bytes long, which includes 
user data of 1 024 bytes, a CRC segment to check if user 
data is read correctly, and a DMP segment to show 
where error data is when error data occurs due to cor- 
ruption of data, and ECC codes of 160 bytes added to 
30 correct the error data. When recording, two bytes of RE- 
SYNC 268 are added for every 30 bytes of data 267. 

In the rear of the data field 254, a buffer segment 
255 is provided. The clock for recording information has 
a fixed frequency, and therefore when a variation occurs 
35 in the rotating speed of the motor to drive the optical disk 
or when the center of the track 261 deviates from the 
center of rotation," the jihear velocity of the laser beam 
for writing on the track 261 varies/ but the buffer 255 
absorbs this variation. 
40 In the conventional format standardized by ISO, in 
one block 262 of 1410 bytes, the user data capacity at 
which the user can record data is 1024 bytes in the data 
field 254. Therefore, the recording efficiency of user da- 
ta is 1024/1410, namely, 72.6 % . The remaining 27.4 
45 % is accounted for by the address information segment 
259 and control signals of VFO : segments. 257, 252, 
when reproducing so that the recording efficiency of us- 
er data is not so high. ' ■ ■ 

For this reason, to improve the recording efficiency 
so '■ of user data, JP-A-49-1 0351 5 discloses a technique by 
which the track is made to fluctuate with minute waves, 
and address information of the track is recorded by the 
variation of the frequency of the waves. Specifically, the 
track is formed during the manufacture of the optical disk 
55 such that the. center of the track is made to fluctuate 
minutely (by Wobbling) in the width direction of the track, 
the frequency of this wobbling is varied along the longi- 
tudinal direction of the track; by'which the addre'ss in- 
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n . formation of the track is represented. Since the address 
information is recorded by the wobbling of the track, it 
R is not necessary to record the address information with 
- the information marks, and accordingly the area for re- 
^ cording user data with the information marks can be in- 
1 \ t creased. Thus, the recording efficiency of user data can 
~ , be enhanced. 

However, the above technique in JP-A-49-103515 
is unable to use a track width smaller than the diameter 
of the beam spot of the laser beam in reproduction. The 
reason for this is that if the track width is narrower than 
the beam spot, the leakage of information from adjacent 
tracks increases, making it difficult to reproduce infor- 
mation correctly. ■ ■ 

In literature titled International Symposium on Opti- 
. cal Memory, 1995 (ISOM '95) TECHNICAL DIGEST Fr- 
D4 "A NEW DISC FOR LAND/GROOVE RECORDING 
ON AN MSR DISC, a land/groove track structure was 
, proposed in which, as shown in fig. 1, grooves 3 are 
. formed mutually separated by a fixed space on the sur- 
face of the optical disk, and while those grooves 3 are 
used as tracks, lands 2 between the grooves 3 are also 
used as tracks. In this structure, since the tracks on the 
lands 2 are adjacent to the tracks in the grooves 3,.there 
is a Icv.el difference corresponding to the depth h be- 
tween the adjacent tracks. Therefore, as shown in Fig. 
1, the diameter of the reproducing beam spot 1 of the 
laser beann is larger than the track width in the repro- 
duction process, and also when the reproducing beam 
spot 1. extends over the adjacent tracks on both, sides 
of the track ; from which data is reproduced, with the 
phases of reflected beams from the adjacent tracks, a 
phase difference corresponds to the difference in the 
height n of the tracks, thus making it possible to prevent 
the leakage of information from the adjacent tracks. 
Therefore, the track width can be made smaller than the 
beam spot diameter, so that the track density can be 
; increased. Also in this literature, as shown in Fig. 1 , an- 
other technique was revealed in which the border be- 
tween the land 2 and the groove 3 is made to wobble, 
and address information is recorded with the wobbling 
' frequency. Also, a structure was proposed in which the 
track.width is smaller than the reproducing beam spot, 
and there are always two borders between the land 2 
and the groove 3 within the reproducing beam spot 1 , 
. and therefore address, information is represented by 
) wobbling only one of the two borders., . . 

However, in the structure in thai literature as shown 
in Fig. 1, since the part wobbles is the border between 
the land and the groove,, the wobbling motion of the bor- 
der is shared by the track on the land side and the track 
on the groove side. Therefore, not only when the center 
of the reproducing beam, spot 1 is located on the land 
side 2 but also when the beam spot is located on the 
groove side, the wobbling motion of the same border is 
detected, and accordingly address information specified 
by the wobbling frequency is produced. Hence, it is im- 
possible tp'decide from the address information repro- 



duced by wobbling whether the reproducing beam spot 
1 is on the track of the land side 2 or on the track of the 
groove side 3. If for some reason the tracking servo fails 
to keep track and the reproducing beam spot shifts to 

5 the adjacent track, this cannot be detected from address 
information, with the result that there is a possibility that 
information of the adjacent track is reproduced and re- 
corded by mistake. 

A first object of the present invention is to provide 

io an information recording medium which "stores address 
information in .such a manner that information can be 
securely recorded or reproduced on the target track, 
while increasing the track density. . s - 

A second object of the present invention is .to pro- 

15 vide an information reproducing apparatus for reading 
information from such an information recording medium 
' in this patent application.^ 

The present invention aims to accomplish the first 
object by providing an information recording medium as 

20 shown below, that is: . . , _ 

an information recording medium comprising: 
a substrate; 

a plurality of tracks formed on said substrate, said 
25 plurality of tracks including a plurality of groove 
tracks consisting of a plurality of grooves formed 
mutually spaced apart by a fixed space, and a plu- 
rality of land tracks formed in areas between adja- 
cent groove tracks, 

30 

wherein said grooves are so formed as to repre- 
sent information by wobbling waveforms of borders 
wobbling' between said groove tracks and said land 
tracks, wherein the period of the wobbling waveforms of 

35 said borders is fixed, and wherein the phases of the 
wobbling waveforms of said borders are such that the 
waveforms of the opposing portions of the adjacent' bor- 
ders facing each other across each said track are out of 
phase with each other, by a predetermined phase differ- 

40. ence.. . ^ - 

The present invention aims to accomplish the sec- 
ond object by providing an information reproducing ap- 
paratus as shown below, that is: . ^ / . , 

45 ' an information reproducing apparatus comprising: 
a rotating portion to rotate an information recording 
medium oh which information has been recorded by 
wobbling said borders on, both i sides of a track with 
different phases; • . , ,= , r ' , M r _ 

so * a beam irradiating jDOrt ion. for" irradiating^ a beam 
spot on sa id t rac k qf s& i,d info rmation recordin g me - 

ajjhotodptector for receiving a reflected .beam of 
said beam spot from said information recording me- 
55 dium; /, . . , 4 ' • . . . 

detection 'means for detecting a composite wave- 
form inc I ud i n g waveforms, on sa id b'orde rs on both 
sidesjrprh trie received beam intensity oY said pho- 
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todetector; 3 ^ / ' " 

reference signal generating means for generatihg 
two reference signals respectively synchronized 
. with the phases of the wobbling of said borders on 
r both sides; and ( 5 
. information reproducing means for separately re- 
producing information of the wobbling waveform of 
^ , said borders on both sides by multiplying said com- 
posite waveform by said two reference signals re- 
spectively, io 

In the drawings 

> . Fig. 1 is an explanatory diagram showing the track 
structure of. the land/groove method of the conven- is 

*. tibnal optical disk; 

Fig. 2 is an explanatory diagram showing the wob- 
bling waveforms of the borders of tracks 270, etc. 

t _ of the optical disk according to a first embodiment 
of the present invention; 20 
Fig. 3 is an explanatory diagram showing the wob- 
bling waveforms of the borders of tracks 270, etc. 
of the optical disk according to the first embodiment 
of the present invention; 

Fig 4 is an' explanatory diagram showing the princi- 2S 
i; pie of reproducing address information from the 
wobbling waveforms of the borders of the tracks 
270, etc. of the optical disk of the first embodiment 
of the present invention; 

Fig 5A is an explanatory diagram showing a part of 30 
the structure of the recording and reproducing ap- 
paratus for recording or reproducing information on 
the optical disk according to the first embodiment of 
the present invention; 
V F i g . 5 6 i s a b lock d iag ram sho wi n g a deta i le d struc - 35 

ture of a circuit 41 in Fig. 5A; 
, Fig. 6 is an explanatory. diagram showing the move- 
; . .,~ ment of the beam spot on an original disk of an op- 
f tical disk according to a second embodiment of the 
, present invention when exposing the original disk 40 
tpli^ht; f 

Fig, 7 A isan explanatory d iag rain showing an ex- 
ample of .the shape, of the sync area 12 on the op- 

... tical disk according to the first embodiment of the 
. present invention; r ~. I 45 

,,. Fig.. 7B is an expianatory diagram showing an ex- 
ample of. the, shape, of the sync area 1 2 on th e op- 

, . ; t ica I d is k accord in g to I h e' f i rs I e mbod i me n l of "th" e 
present i nyent ion; V, " 

Fig. 7C is an expianatory diagram showing an ex- so 
^ ■. amp le of th e shape of the ,sy nc a rea 1 2 on th e op- 
.,, tical disk according. to^ the .first embodiment of the 
present invention; ,W . > . 
F i g 8 is a bloc k d iag ram of a I ight exposu re "system 
. s for producing an priginaj djsk for the. optical disk ac- ss 
■ } . cording, to the second embodiment of the present 
invention; J ; ~ f ~ \ [ t , 
Fig. 9 A is a block diagram showing a detailed struc- 



ture of the address recording control circuit 73 of 

the exposure system of Fig 8; 

fig. 9B is a block diagram showing a detailed struct 

' ture of the deflection signal generator 91 of Fig. 9 A; 

'Fig.. 10 is an explanatory diagram showing wave- 
forms of signals used in the circuits related to Figs- 
3 and 9; 

Fig. 11 A is a- block diagram showing a circuit struc- 
ture for reproducing address information on the op- 
tical disk according to a third embodiment of the 
present invention; " 

Fig. 11 B is a block diagram showing a detailed 
structure of the synchronous signal generator 41 in 
Fig. 11 A; '[ 

Fig. 12 is a block diagram showing a more detailed 
circuit structure of a part of the circuit of Fig. 11 A; 
Fig. 13 is ah explanatory diagram showing wave- 
forms of signals used in the circuit of Fig. 15 A; 
Fig. 1 4A is an explanatory diagram showing a mod- 
ulation rule used in the method of recording or re- 
producing address information on the optical disk 
according to a fourth embodiment of the present in- 
vention; 

Fig. 14B is an explanatory diagram for explaining 
bit combinations oh the track borders, used in the 
recording or reproducing method of Fig. 14A; 
Fig. 1 5A is a block diagram showing a circuit struc- 
ture for reproducing address information on the op- 
tical disk in the recording or reproducing method of 
Fig. 14; ' " ; : 

Fig. 15B is a block diagram showing a detailed 
" structure of the synchronous signal generator 41 of 
Fig. 15 A; . ' 

Fig. 1 6 is a block diagram showing a more detailed 
structure of a part of the circuit of Fig. 15A; 
. Fig. 1 7A is an explanatory diagram showing a mod- 
ulation rule used in the method of recording or re- 
producing address information on the optical disk 
according to a fifth 1 embodiment of the present in- 
vention- 
Fig. 17B is an explanatory diagram showing exam- 
ples of data each bit on the" track borders, modulat- 
ed by the recording or reproducing method of Fig. 
17A; ' ' • - 

Fig. 18A is an explanatory diagram showing an ex- 
ample in which timing data 1800 is included in ad- 
dress information in the fifth' embodiment shown in 
Figs. 17A, 17B; ' 

Fig. 18B is an explanatory diagram showing an ex- 
ample in which timing data 1800 is included in ad- 
dress information in the fifth embodiment shown in 
Figs.' 17A/.17B; ' 

_ Fig.* 19 is an explanatory diagram showing an 'ex- 
ample of address information recorded by the re- 
cording or reproducing method of Figs. T4A, 14B; 
Fig. 20 is a block diagram showing a circuit structure 
for detecting a track shift signal from a detection sig- 

' nal of address information on the optical disk ac- 
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v - cording to a sixth embodiment.of the present inven- 
tion: 

Fig. 21 is an explanatory diagram showing.wave- 
forms of signals detected by the circuit in Fig. 20; 
Fig. 22 is an explanatory diagram tor explaining a 
relationship between the beam spot and the track 
' f shape on the original disk exposed by the exposure 
.. system in Fig. 9A, and showing on an enlarged 
: scale the grooves formed on the information record- 
ing medium (disk) in the present invention; , 
Fig. 23 is an explanatory diagram showing the area 
scanned by. the beam spot when reading one bit on 
the track 272 of the optical disk in Fig. 3; 
Fig! 24A to'24H are explanatory diagrams showing 
waveforms of ..signals when demodulating address 
information using the circuit of Fig. 5A; 
Fig. 25 is an explanatory diagram showing an ex- 
ample of ISO format of the conventional magne- 
tooptical disk; 

Fig. 26 is an explanatory diagram showing a rela- 
tionship, between the tracks and the blocks of the 
conventional optical disk; 

Fig. 27 is an explanatory diagram showing the in- 
formation marKand wobbling waveforms of the bor- 
ders^! tracks on the optical disk according to the 
' first embodiment of the present invention; 
.Fig'.' 28 is an explanatory diagram showing the 
structure of the optical system of the optical head 
1292 of the optical disk recording and reproducing 
apparatus according to the first embdiment of the 
. present invention; and . 

Fig. 29 is a block diagram showing the structure of 
the whole optical disk recording and. reproducing 
apparatus according to the first embodiment of the 
- present invention. . 

A first embodiment of the present invention will be 

described. r • . 

To begin with, an optical disk according to the first 
embodiment of the present invention will be described. 

As shown in Figs. 2 and 27, an optical disk 4 ac- 
cording to the first embodiment is formed as an optical 
disk of the land/groove track structure which uses 
groove's 270, 272, etc. and lands 269, 271, 273, etc. as 
the tracks formed mutually spaced a fixed distance apart 
in a spiraf form with respect to the center of the disk. As 
shown in Fig. 2, one circuit of the track 270, for example, 
is divided into an integral number of blocks 11. and each 
block 11 is divided into a synchronous (sync) area 12, a 
data area 16, and a CRC area 17. The blocks 11 may 
be provided by a generally well-known method. For ex- 
ample, the CAV (Constant Angular Velocity) method 
may be used in which the number of blocks 11 per circuit 
of the track is the same from the innermost track to the 
outermost track of the optical disk 4.or the M-C AV (Mod- 
ified CAV) method may be used in which the optical disk 
4 is divided' into some zones in the radial direction, and 
the same number of blocks 11 are/in each circuit of the 



tracks in the same zone, and the number of blocks 11 
per circuit of the track is greater for outer zones and 
smaller for inner zones. 

* Data in the data area 16, as shown in Fig. 27, is 
5 recorded with information marks formed along the track 
270, etc. Address information 1 3 on the tracks 270, etc. 
is recorded by wobbling 4 the borders of the tracks 270, 
etc. of the data area 16. Therefore, data usipg informa- 
tion marks 274 and the address information' 13 using 
io wobbling of the border of the track are recorded simul- 
taneously in the same area. 

Meanwhile, the information marks 274 of the optical 
disk according to the first embodiment are formed by 
heating the recording film 1 1 of the optical disk 4 by con- 
is densing the laser beam on the surface of the optical disk 
as described later, and the information mark' differs in 
light reflectance factor from that of the surrounding area. 
However, the optical disk 4 according to the present in- 
vention is not limited to the type in which the information 
20 marks 274 are formed as thermally formed traces hav- 
ing a different reflectance factor from that of the sur- 
rounding area. Optical disks may be used which apply 
other kinds of information marks, such as a mark whose 
direction of polarization differs from that of the surround- 
25 jng area, or a mark formed by other methods. 

The sync area 12 is used to generate a reference 
signal, and a clock signal used' when reading data in the 
address information 1 3 and the data area 16. The com- 
position of the sync area will be described later. The 
30 CRC area 17 has recorded therein information used to 
check whether user data is read correctly. This informa- 
tion is the same as in the CRC segment used in the con- 
ventional format in Fig. 25. Information in the CRC area 
17 is recorded with the information marks 274. Nbte that 
35 in the first embodiment, also in the CRC area 17", like in 
the sync area 1 2; address information 13 is recorded by 
wobbling the borders 1 4, 1 5 of the tracks 270, etb ; 

In the first embodiment, address information 1 3 is 
recorded with different wobbling waveforms, as shown 
40 in Fig. 27, which are generated by wobbling the borders 
1 4, 1 5 of the tracks 270, eta of the data area 1 6 and the 
CRC area 17 in different wobbling waveforms as shown 
in Fig. 27. Address information 13 indicates where the 
borders 14,15 are located on the optical disk 4.' There- 
45 tore, even if there is only one groove track 270, the wob- 
bling waveform differs between the border 14 at the in- 
ner circumference side and 'the; border 15 at the outer 
circumference side pf the grppye track 270. ■ ' 

Specifically, as shown in Fig. ^tWe ^ bt Mf r ^ 4 - 1 5 
so of the tracks 270, etc. are partitioned; arid 'each subdi- 
vision is denoted as one bit; ahd'data B 0 tt or data "I " are 
represented by the wobbling' waveforms^ Meanwhile, 
the number of' bits in each block Vs fixed regardless of 
whether the block is. located at the track on, the inner 
55 circumferehce side or at tr)e track on'the outer 'circum- 
ference side, the number of ; periods of the wobbling 
waveforms should be decided so that a predetermined 
number of waves are included in each bit are^ (five pe- 
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riods in Fig; 3). The phase of the wobbling^waveforrris 
-should be decided so that in a given bitf the 'wobbling 
; waveform of data "O" is identical^ oscillation period with 
: the wobbling waveform of data "i a ; but those waveforms 
are 180 degrees out of phase with each other (a 1 phase 
difference of 180 degrees). However, the phase of the 
wobbling waveform on the border 14 on the inner cir- 
cumference side of the groove track 270 or 272 should 
invariably be set to lag or lead by on that of the wobbling 
waveform on the border 15 on the opposite, outer cir- 
cumference side of the track, by 90 degrees, in other 
words; those waveforms should have an orthogonal re- 
lationship. As the phases are set as described above, 
; even seen from the land track 271 , the wobbling wave- 
form on the border 15 on the inner circumference side 
lags or leads on that of the wobbling waveform on the 
[ border 14 on the opposite, outer circumference side by 
90 degrees in phase, in other words, those waveforms 
have an orthogonal relationship. Because the adjacent 
bits represent different pieces of data because the items 
of the wobbling Waveforms are set for each bit, when 
the adjacent bits represent different data, that is, when 
the adjacent bits represent T M 0 M or "0 M "l", the Wob- 
bling waveform is discontinuous oh the border over the 
two bits. * ; 

Fig. 3 shows the wobbling waveforms of the borders 
14, 15 of the tracks 270, etc. In Fig. 3, the tracks 270, 
271 , and 272 are drawn in straight lines for the sake of 
convenience, and they are concentric on an actual op- 
tical disk 4. As shown in Fig. 3, on the groove track 270, r 
data "01 T";is represented on the border 1 4 on the inner 
circumference side, and data "101" is represented on 
the border 15 oh the outer circumference side by wob- 
bling waveforms. ; Data "110" is represented by wobbling 
, of the border on the inner circumference side of the 
groove track 272, While data "11 V is represented on the 
' outercircumference side. : 
.. . As has been described, by recording different items 
of address information 13 on the track, which indicate 
Mhe respective locations of the borders 1 4, 1 5 on the op- 
tical disk 4/it is therefore possible to read address in- 
formation 13 of the borders 14, 15 on both sides of the 
track when reproducing the information marks 274. : For 
example, by moving the reproducing beam spot 1 along 
the; groove track 270 to read information on the groove 
1 1" 1 ?^ 270, iS ■ P° s S'b'e to read address information 
^"?jJ! " from xjr } e border'l : 4 on the inner circumference side 
f "2 " 1 9 r f r o m theWder 15 on the outer circumference 
side Simultaneously with 1 data by the information marks 
" 2^- B V a ^ caribecon- 
f | rm ® dttfia ! the track irradiated by the reproducing beam 
- ; f s P ot J. groove track" 270. If the tracking servo 

* ' shbuid fa'il tb keGpHrack and it becomes obscure which 
T _trabk the 'rep reducing beam spot i is irradiating,' but so 

long as address information 13 which is detected is a 
combination of ^01 0 and M lH 0°; it can be known that the 
reproducing beam spot f is shifted tolhe land track side 

* 271 Thus',' it is easy to decide which'the beam 1 spot 1 is 



'irradiatingrthe groove* track ; such*:as 270 or the land 
track, such as 271 . , 
v " : Meanwhile, the wobbling waveforms are formed by 
forming grooves, 270, 272, and so on, such that the bo^ 
5 ders of the 'grooves assume wobbling waveforms. ^This 
will be described later. Though' Fig. 3 shows that there 
: are waveforms of five periods in one bit, the number of 
periods is not limited to five, but'may be any number. 
For ah actual structure of the sync area 12, any of 
io the structures of Figs. 7A, 7B and 7C may be used. Fig. 
7A shows a structure having optically identifiable marks 
51, 52, 53 and 54. In this case; in the sync:area 12, 
grooves, such as tracks 270, 272, are hot formed in the 
-sync area 1 2; and the sync area 12 is flush with the sur- 
is face of land tracks, such as 271. The marks, such as 
51 , are pits formed on the surface, and are formed si- 
multaneously in the process of forming grooves for 
groove tracks 270, 272 during the manufacture of the 
opticaldisk 4. Those marks 51 : 52, 53 and 54 are ar- 
?o . ranged close to; the borders 14, 15^of the tracks, 270 
etc., and are sharedby the adjacent tracks. For exam- 
ple, the sync area 12 of the groove track 270 has the 
marks 52, 53, while the sync area 12 of the groove track 
272 has the marks 53, 54. The space in the track-length- 
?5 wise direction of two marks, such as 51., 52 etc. in the 
sync area 1 2 is formed so as to be synchronous with the 
wobbling waveforms of the address signal. Therefore, 
by dividing the frequency of a signal obtained from the 
space between the marks, such as 51 , of the sync area 
^ 12; a reference signal synchronous with the wobbling 
' - waveform can be generated. In addition, two marks, 
such as 51 , 52 are arranged not in the centerdf the track 
270 etc! but in the vicinity of the border 14, 15 so that 
those marks wobble to the left and right with respect to 
s the center of the track 270 etc. Therefore, by using a 
well-known sampling-servo method in order to find a lev- 
el difference between the marks 51 and 52, a shift of the 
reproducing beam spot 1 from the track- center can be 
'known. Thus, according td a signal from the sync area 
o 12, it is possible to correct the shift of add ress* informa- 
tion 1 3 from the track^^ ^ 'i 

♦ The 'sync areas' 12 of structures in Figs 7B and C 
have groove tracks 270 , 272 formed therein to represent 
: sync signals by the wobbling waveforms at the borders 

5 i'4, 15 of the tracks, such as 270. In the sync area 12 in 
Fig. 7B, the border 14 oh the inner circumference, side 
" and the border 1 5 on the outer circumference side of the 
* groove track 270 etc. have wobbling^ waveforms of the 
same period and phase. The wobbling waveforms in the 

> sync area -1 2 are made to have a larger amplitude than 
that of address information 13 so that the- wobbling 
waveforms in the sync area 12 can be detected easily. 
Hn this structure; regardless of where the reproducing 
beam spot 1 is irradiating; the groove*tracks 270, 272, 
or the lahd track 271 , or. the intermediate "regions, the 

" sync area 12 can be detected by detecting a region hav- 
ing the wobbling waveforms of -the sync area. In the 
structure Mn -Fig" 7B, the sync area 12 has a length for 
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bifive periods equal to the length of other. -areas. In the 
structure in Fig. 7C, in order to increase the proportion 
t oMhe data area 13 in the block' 11 by decreasing the 
-iclength of the sync area 12, the wobbling waveforms of 
ei.the sync area 12 are set as one period, but instead of 
<r.this, have a larger amplitude than. in Fig. 7B. 

Referring to Fig. 4, description will be made of the 
principle of the method of detecting address information 
1 3 represented by the wobbling waveform from the op- 
tical disk according to the first embodiment of the 
present invention. -To make it easy to understand the 
principle of the method of detecting address information 
according to. the present invention, description ^will-be 
• made with reference to the waveforms in Fig.. 4 which 
schematically represents signal waveforms. : As shown 
in Fig. 5A* the reproducing beam-spot is moved along a 
track, specifically, the land track 271 ; for example, and 
a reflected luminous flux is detected by a twoypiece de- 
tector-33, whose light receiving face is split in half. As a 
result;, a detection signal of the two-piece detector 33, 
. in other words, an output difference signal obtained from 
the left and right light receiving faces of the detector 33 
is a composite waveform, resulting from algebraically 
. adding together a signal 415 or 416 representing the 
wobbling waveform of the border 1 5 on the inner circum- 
ference side of the land track 271 and a signal 417 or 
418 representing the wobbling waveform of the border 
1 4 on the outer circumference side of the track 271 . The 
signals 415 and 416 respectively correspond to the 
waveforms representing "O- and "1 M on the border 1 5 on 
the inner circumference side. Therefore, the signals 41 5 
and 416 are 180 degrees' out of phase with each other. 
Similarly, signals 417 and; 41 8 correspond to the. wave- 
forms representing °0 B and "1" of the border 14 on the 
outer circumference side: so that the signals 417 and 
- 418 are 180 degrees out of phase with each other. Be- 
cause the wobbling waveform of the border 15 on the 
inner circumference side is 90 degrees out of please with 
the wobbling waveform of >the border 14 on the outer 
. circumference side, in. other words, because, the two 
waveforms are formed so as to be orthogonal to each 
other, the signals,417, 418 are : prthogpnal to the signals 
415,416. 

According to the present .invention, .synchronous 
detection js performed by generating a reference signal 
420 for use in. detecting signals-415, 416 of wobbling 

. waveforms on. the border .on the inner circumference 
side of the track, and a.relerence signal 421 for use in 
detecting signals 417, 4J8 of wobbling waveforms on 
the border on the outer circumference side oUhe track. 
The reference signals 420,- 421 are orthogonal to each 
other. By using a fact that the signals 417, 418 on the 
outer circumference side are orthogonal to the signals 
415, 416 of wobbling wavpf orms on the border on inner 

. circumference side, the signals 415, : 416,p1 wobbling 
waveforms on the border on the inner circumference 
side and the signals 417, 418 of, wobbling waveforms 

".. on the border, on the outer, circumference s side are sep- 



arated and detected from a detection signal in the form 
of a. composite waveform. The reference signals 420. 
421 are generated by a method, which will be described 
later, . using signals from the sync area 12 on the optical 
5 disk 4. 

. To begin with, a detection signal and two reference 
signals 420, 421 are multiplied respectively and inte- 
grated with respect to time. The detection signal is mul- 
tiplied by the reference. signal 420 for the inner circum- 
w ference side, and integrated with, respect to time. For 
the sake of clarity, the signals 415, 416 from the inner 
circumference side and the signals 417, 418 from the 
outer circumference side are respectively, multiplied by 
,the reference signal 420, and integrated with respectto 
is time. When the reference signal 420 is multiplied by the 
signals 417, 41 8 on the outer circumference side, .since 
they are orthogonal to each other, the multiplication re- 
sults are as indicated by the signals 424, 425, and they 
are reduced to zero by time integration. More specifical- 
20 |y, the signals of the wobbling waveform on the outer 
circumference side of the track are reduced to zero by 
- this process and disappear. On the other hand, when 
this reference signa) is multiplied by signals 41 5, 416 on 
the inner circumference side, since they are synchro- 
25 nized, the multiplication results are as indicated by sig- 
nals 422, 423. When those signals are integrated, bit "0" 
becomes a signal of negative level.and bit a 1 n becomes 
a signal of positive level.^so that the phases of the wob- 
bling waveforms on the border 14 can be converted to 
30 amplitude levels. As described, the detection signal. is 
-'subjected to synchronous detection using the reference 
signal 420, and only the -address information 13 ; in the 
wobbling waveform on the border on inner circumfer- 
ence sjde can be obtained as amplitude levels,. , . 
■: 3s' Similarly, the detection signal and the reference sig- 
nal 421 for the outer circumference side are multiplied 
together, and integrated with respect to time. When the 
reference signal 421 is multiplied by the signals 41 7, 418 
on the borders on the outer circumference sicje^since 
40 these signals are orthogonal to each other, ^multipli- 
cation results are as indicated by the signals 426,. 427, 
and when they are. integrated with respect to time, they 
are reducedto zero. In other words, the. sjgnats.of.tfie 
wobbling waveform on,the inner circumference i sid^of 
45 the track become zero and become negligible. On the 
..other, hand, when .the reference signal 421 is multiplied 
: by the wobbling waveforms 41 5 ( . 416, jSinpe.these sig- 
nals are synchronized, the mullipjiqalipn results, become 
signals 428, 429, and .when integrated, bit "0; becomes 
.so' a signal ofnegativelevej,^ 

of positive level, the phases of. the wobbling waveforms 
on -the border can -. be converted jnto amplitude levels. 
. As has been described, /when the. detection signals 
subjected to synchronous," detection by the reference 
55 signal 421., only the,address information 1 \3 : in the wob- 
bling wayeform on the outer circumference side can be 
detected. as amplitude jevels. . .... . , , 

By those processes, address information, 1 3 recqrd- 
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ed oh' the borders on the inner circumference' side* and 
' outer circumference side of the track can be separated 
1 and obtained: By comparing the respective items of ad- 
dress information, it can be accurately known whether 
the 'reproducing beam spot is located on the groove 
track 270 or 272, or on the land track 271 , or on which 
track, 270; 272, or 271 , the beam spot is located. 

The configuration of the whole recording and repro- 
ducing apparatus for reading address information ac- 
cording to the above-mentioned principle will now be de- 
scribed with reference to Figs. 5A, 5B, 28, and 29. 

the recording and reproducing apparatus accord- 
ing to the first embodiment includes an optical disk 4, 
an Optical head 1292, an electric circuit system, and a 
x drive system as shown in Fig. 29. The optical head 1292 
incorporates an optical system for recording and repro- 
ducing data from the optical disk 4 (Fig. 28). The drive 
system includes a spindle motor 1290 for rotating the 
^optical head 1292, a tracking actuator 1291 a for driving 
the laser beam 31 in the width direction or the track, and 
a focus actuator 1291b for driving the laser beam 31 in 
the optical axis direction. The electric circuit system in- 
cludes a signal processing system for supplying a signal 
to be recorded oh the optical disk 4 to the optical head 
1 292, and processing a signal road out from the optical 
disk 4, and a control system for controlling the drive sys- 
tem. 

The optical disk 4 according to the first embodiment 
; is 1 20 mm in diameter, and has two; front and rear sub- 
strates glued together A recording film 11 is placed be- 
tween the two substrates. The substrate 10 on the side 
on which a light beam from the'optical head 1292 is ir- 
radiated is made of plastic 0.6 mm in thickness. Infor- 
mation is recorded and reproduced by condensing and 
passing the laser beam 31 through the substrate TO. On 
the surface of the recording film 11 on the substrate 10, 
there are provided groove tracks such as 270, 274, and 
; land tracks 1 such as 271 formed between the groove 
tracks such as 270, 272 as mentioned above. A track 
■ , P' tch 280 is defined as the space between the groove' 
| - tracks, such as 270, and is 1.2 urn in this first embodi- 
? hlent: the recording film 11 is a film chiefly composed 
of Ge and; is about 300 Angstrom in thickness, and 
formedon the substrate 10 by vapor deposition: the in- 
formation mark 274 is an area having a different reflect- 
A n ^ e fa . ct ° r from that of the' surrounding area arid formed 
,T by ^ r ^ ia ^^ a laser beam 3r from the optical head 
' V292 onio the recording, filrnli through the substrate 
tnere by 'cause a thermal change on the recording 
filrn 11; ' * - ' r ; • r <. L . f 

'^.'^ ,T H ® : oNcar head; 1292, as shown in Fig. 28, in- 
cludes ; a i semicondudtof : laser "281 for emitting a laser 
' beam 31, arid a collimator lcris : 282, rat galvano mirror 
.?A 3, and objective lens arranged in ( succession along 
" . thd optical path of the laser beam 31 emitted from the "' 
; 'sei^iconductbr laser 281 / Arranged between' the colli- 
' ^^J^s 2 82 and the galvano mirror 283 is a beam 
' 'splftter 32 for Separating the beam : (of the^ lase'r beam 



* * 31) reflected by the optical disk 4 from the laser beam 
! -31: 'The reflected beam separated by the beam splitter 
: 32 is divided by another beam splitter 284 into twoMu? 

minous fluxes. An analyzer 286; a collective lens 287 : 
' and a photodetector 288 are arranged on the optical 
path of one luminous flux, and those elements constitute 
an information mark detecting optical system for detect- 
ing the information marks 274. The other luminous flux, 
after being condensed by the collective lens 289, is f ur- 
o ther separated by another beam splitter-285 into two lu- 
minous fluxes, and on the optical path of one luminous 
flux, there are arrangeda cylindrical lens 290 arid a four- 
piece divided detector 291 , which constitute a focus er- 
: ror signal detecting optical system for detecting a focus 
> error signal representing an extent of shift of the optical 
disk 41rom the focus of the objective lens 34. On the 
optical path of the other luminous flux separated by the 
beam splitter 285, thelwo-piece photodetector 33 is ar- 
ranged. The detection signal of the two-piece photode- 
' tector 33 is used for delectiori of address information 13 
represented by the wobbling of the borders, such as 1 4, 
of the tracks, such as 270, arid also for detection of a 
track shift signal. 

The output power of the semiconductor laser 281 is 
about 35 to 40 mW when recording the information 
marks 274 on the optical disk 4, or about 3 to 5 mW 
when reproducing the information marks 274 and the 
address information 13 from the optical disk 4. 

Description will now be made of the operatiori of 
each element when reproducing information from the 
optical disk 4. The laser beam 31 emitted from the sem- 
iconductor laser 271 is cbllimated by the collimator lens 
282, and'then deflected by the beam splitter 32, and fur- 
ther deflected by the galvano mirror 283, and con- 
densed by the objective* lens 34 to form a reproducing 
beam spot 1 on the optical disk 4 as shown iri Figs. 5A 
and 28: Fig.-SA shows the shape of the recording film 
11 when the optical disk is seen from the side of the sub- 
strate 10, and therefore in Fig: 5A, the "shapes of the 
grooves and lands of the tracks, such as 270. are invert- 
ed: • ■ " 

The reflected beam of the laser beam 31 from the 
optical disk 4 again passes- through the objective lens 
34, is reflected by the galvano mirror 283, passes 
through the beam splitter' 32, and is separated by the 
beam splitter 284 into two fluxes. One luminous flux is 
condensed as it passes through the analyzer 286 and 
the collective lens 287, and detected by the photodetec- 
tor 288. Output of the photodetector 288 is processed 
by an eiectric circuit to be described later, so that signals 
from the information marks 274 are detected. The other 
luminous flux separated : by the beam splitter 284, after 
being condensed by the collective lens 289; is separat- 
ed by a beam splitter 285, and one luminous flux is con- 
densed by the cylindrical* iens 290, and detected by the 
four-piece photodetector 33 Output of the photodetec- 
tor 33 is processed by a well-known astigmatism proc- 
ess to o6ta in a focus error signal.' ' ; * 
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r ^ / The other luminous ,flux -separated by the beam 
r t splitter 285 is detected by the left and right light receiving 
-l faces of the. two-piece photodetector 33. The parting 
\ 'plane of the photodetector 33 is parallel, with the longi- 
it tudinal direction of the groove track 270. The signals of 
o; : the left and right receiving faces of the two-piece pho- 
\todetectorare input into a. differential detector 38 and 
an adder 40/ Output of the differential detector 38, like 

• asignal 521 in Fig. 21 , is in a shape formed by super- 
. imposition of signals from wobbling of the borders 14, 
. • 15 of the tracks 270, etc. on the track shift. signal. There- 
fore, a band filter 39 is used to pass only the oscillation 

* frequency of the signals from wobbling of the borders 
14, 15 of the tracks 270, etc. lor input into synchronous 
detectors 42, 43. .On the other hand, output of the adder 

- 40 is input to a synchronous signal generator 41 to gen- 
erate reference signals 420, 421 in Fig. 4. 

\ More specifically, the synchronous signal generator 
41 generates reference signals 421 , 422 using the cir- 
cuit in Fig. 5B according to a signal from Ihe sync area 
12 of the optical disk 4. For example, if the sync area 12 
has prepit marks of a mark string of 51, 52 in Fig. 7A, a 
prepit mark detecting circuit 46, shown in Fig. 5B, of the 
synchronous signal generator 41 detects a signal cor- 
responding to the mark string of 51 , 52 from output of 
the adder 40. This sync areas ,12, as described.before, 
are provided at fixed intervals on the tracks, such as 
270, so that by using this signal to start the phased 
■ locked loop (PLL) 47, clock pulses with a frequency of 
a specified multiple of the repeating frequency of this 
■signal are generated. The synaarea 12-is synchronous 
with, the wobbling frequency of the borders 14, 15 of the 
: tracks 270, etc Therefore, by starting frequency. division 
. by a frequency divider 48 in step with clock pulses gen- 
erated by a PLL 47, the frequency divider 48 generates 
reference signals420, 421 which are equal both jn wob- 
bling frequency and phase of the wobbling to the bor- 
ders 14, 15 of the tracks 2/0, etc. r 

For example, in the optical disk 4 on which the bor- 
ders 14, 15 of the groove tracks 272, etc. wobble in the 
wobbling waveforms shown in Fig. 23, the output signal 
(hereafter referred to as a detection signal 231) of the 
band filter 39. when the reproducing beam spot 1 is scan- 
ning the area 230 enclosed by a dotted line along the 
groove track 272 is shown in fig, 24 C. The .detection 
signal 231 output from the band filter 39 has a waveform 
(Fig. 24C) which is an algebraically added waveform of 
the, wobbling waveform (Fig. 24A) of the inner circum- 
ference border 14 of the groove track 272 and the wob- 
bling waveform (Fig. 24B) of the outer, circumference 
border 15 of the groove track 272. When this detection 
\ signal 231 is, multiplied by -a reference signal 420 from 
.tho synchronous signal generator 41. by means of the 
synchronous detector 42 (Fig. 24D), a waveform shown 
in Fig. 24E.can be obtained. The waveform in Fig, 24E 
can be divided into- an in-phase component (corre- 
sponding to the inner, circumference -side wobbling 
waveform of the groove 2) of the reference signal 420 



and a component orthogonal to the reference signal 420 
^ (this component corresponds to the wobbling waveform 
of the border 15 on the outer circumference side of the 
groove track 272) (Fig. 24F). Therelore. when the wave- 
5 form of -Fig! 24E is integrated by the synchronous de- 
tector 42, the orthogonal component is reduced to zero, 
with the result that only the in-phase component ap- 
pears, and in the case of Fig. 24F, the output level is on 
the positive side, and it is found that the signal is bit. "I B . 
10 Therefore, by comparing the level of output of the syn- 
chronous detector 42 with a predetermined level, using 
a comparator 44 and deciding whether the output level 
is positive or negative, it is possible to detect whether 
wobbling data of the inner circumference side border 1 4 
is of the groove track 272 is "0" or "1", and thus demodu- 
late the address information 13. 

Similarly, if synchronous detection is performed on 
the detection signal 231 with the synchronous detector 
43 by using a reference signal 421 which is 90 degrees 
20 out of phase with a reference signal 420, a resulting 
waveform is as shown in Fig. 24G, and if this waveform 
is analyzed, a waveform as shown in. Fig. 24H is ob- 
. tained. If this waveform is integrated by the synchronous 
detector 43, the orthogonal components reduced to ze- 
25 ro , and only the in-phase component appears. .In the 
case of the waveform of Fig. 24H, the output level is pos- 
itive, and a signal of bit M" is detected. Therefore; ; .by 
. deciding whether the output level is positive or negative 
by comparing the output level of the synchronous de- 
30 tector 43 with a preset level by the comparator 45, it is 
possible to detect whether the wobbling data of the outer 
. circumference.side border 15 of the groove track 272 is 
U 0 M or M and thus demodulate the address information 
13. The demodulated address information is sent to the 
35 formatter 1 292 "(Fig 29) of the electric circuit system of 
the recording and reproducing apparatus, and js also 
v . sent through.an SCSI interface 1293. to a. CPU, (not 
shown) connected with the recording and reproducing 
apparatus. -,. , < . 

40 : , Output of the photodetector 288 is amplified iDy a 
preamplifier 1294 in Fig. 29, and after passing thrpugh 
. , a wavelorm shaping circuit 1 295, js inpuyo reproduction 
V clock generators 1 296, 1 297 to generate a reproduction 
clock signal. Data discrimination is performed I by a re- 
45 production ( and synthesizing, circuit 1298 using the ,re- 
productionxlock and output of the waveform generator 
circuit 1295, and data consisting of the information 
marks 274 is demodulated.,by a demodulator ^circuit 
1299. The demodulated data of Jnformation^ ; mar.ks^274 
so js sent to the formatter 1 292 (Fig. 29) of the'electric cir- 
cuit system of. the recording and reproducing apparatus, 
and is also sent throughlhe SCSI Interface 1293 to a 
CPU (not shown). connected with the recording and, re- 
producing apparatus. .... . *: 

ss .When informatiqn.isrecorded pn the optical disk 4, 
the.formatter.1292 receives data to -record through the 
SCSI interface from the host unit, data is converged by 
the modulator circuit 1311 into a modulatedsignal and 
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input into a write pulse^ generator circuit 1 312. the write 
pulse generator circuit 1312 generates recording pulses 
' e corresponding to the position torecord data on the track 
of the optical disk 4 in accordance with' a recording clock 
generated by a frequency synthesizer 1313, and sends 
' the pulses to a laser driver 1 31 4. A write power switching 
clrquit 1315 sets laser power for recording at the laser 
driver 1314; The laser driver 1314 generates a* pulse 
waveform to drive the semiconductor laser 281 from the 
set laser power and recording pulses. A high frequency 
superimposing circuit 1 316 outputs a waveform, formed 
by superimposing a high frequency oh the pulse wave- 
form, to the semiconductor laser 281 to drive the laser 
281 Output of the semiconductor laser 281 is monitored 
by an auto power controller 1317, and fed back to the 
Jas'er driver 1 31 4. Thus, a laser beam 31 of high energy 
is irradiated to a desired track, so that the recording film 
1 1 is heated and information marks 274 are formed. 

Description will now be made of control of the drive 
system while data is being reproduced or recorded on 
the optical disk 4. 

Output of the differential detector 38 is input to a 
circuit (not shown) to detect a track shift signal of the 
spot of the laser beam 31 by a well-known method, such 
as the push-pu(| method, and thereby detect a track shift 
signal. Output of the four-piece detector 291 is input to 
' a circuit (riot shown) to deiect a focus error signal of the 
spot of the laser beam 31 by a method, such as the astig- 
matism method, and thereby detect a focus error signal 
A track shift signal is input to a tracking control cir- 
cuit 1300, and a control signal to drive a tracking actu- 
ator 1291a is generated. According to this signal, the 
tracking actuator 1291a moves the ^alvano mirror 283 
to position the sopt of the laser beam 31 along a desired 
; track, such as 270. The focus error signal is input to the 
focus control circuit 1 301 to generate a control signal to 
drive the focus actuator 1291 b. In response to this con- 
trol signal, the focus actuator 1 291 b drives the objective 
lens' 34 in the optical axis direction, and thereby per- 
forms f 6c us servo to maintain focus of the objective lens 
34 on the surface of the optical disk 4. 

Access of the spot of the laser beam 31 onto the 
' optical disk 4 is performed' by a fine actuator 1 309 for a 
, minute range, but when the beam spot is moved over a 
long range? the course actuator 1310 is used to move 
i( ' the whole optical head. During tracking, the fine actuator 
.1309 and the course actuator 1310 move in an inter- 
locked motion wiih each other. Therefore, even if the 
center of the optical'disk 4 deviates from the center of 
the spindle motor '1 290 which rotates the dptjcaldisk 4, 
the' spot of the laser beam' 31 can be made to stably 
follow the tracks 2/0, eic?* 1 " ' K 

. ^Vyhen giving the spot bf the laser beam 31 long- 
range access to a 'desired track, the optical nead 1 292 
is moved by the course actuator '131'6 over a long dis- 
. tarice to the' vicinity of the trackV Then, the beam spot is 
moved by an interlocked motion of the fine actuator 
i 309 and the' course actuator 1 310*sb* thai the beam 



spot is positioned at the target track. The series of mo- 
tions are performed by the actuators 1309, 1310 under 
control of a mechanical controller 1 303 by exchange ot 
information among the mechanical controller 1303;-the 
: s tracking control circuit 1300; and the course control cir- 
cuit 1 302. The spindle motor 1 290 is driven by the spine 
die motor control circuit 1307 so that the optical disk 4 
rotates stably at a specified number of revolutions. : 
The whole drive system is controlled by a drive con- 
10 trol MPU 1304, and signals are exchanged among an 
auto loading mechanism 1308, the mechanical control- 
ler 1303, and a controller control MPU 1306 etc. The 
optical disk 4 is attached and detached to and from the 
spindle by the auto loading mechanism 1 308 under con- 
is trol of the drive control MPU 1304. Further the beam 
spot is positioned for recording and reproduction by con- 
trolling the mechanical controller 1 303, signals are proc- 
essed for recording and reproduction by controlling the 
controller control MPU 1306, and maintenance iriforrha- 
20 tion is obtained by controlling the panel control unit! 

Meanwhile, arranged between the formatter 1292 
and the SCSI interface 1 293 are a buffer memory 1 31 8 
and a buffer controller 1319. The buffer memory 1318 
temporarily stores reproduced data bound for the host 
25 unit, and record data to be recorded that is received from 
the host unit, and the buffer controller 1 31 9 controls the 
buffer memory 1318. The controller control MPU 1306, 
etc. are connected with an ECC circuit 1320 for correc- 
tion of error data. 
30 in the first embodiment, a reproduction clock signal 
are generated from a signal of the sync area- 12, while 
on the other hand, for the recording clock signal, a clock 
signal of fixed frequency output from the frequency syn- 
thesizer 1 31 3 is used, but needless to say, a clock signal 
35 generated from a signal of the sync area 1 2 can be used 
for recording. A variation occurs in the relative linear ve- 
locity of the beam spot on the track during recording due 
to a variation in the number of revolutions of the optical 
disk 4 or the eccentricity of the center of the optical disk 
40 4 with respect to the rotating center of the spindle motor. 
When this variation occurs, a recording clock signal gen- 
erated from a signal of the sync area 1 2 also varies with 
this variation, so that by using the recording clock signal, 
information marks 274 can be recorded at a fixed fre- 
45 quency on'the track: - * ' 

Description will be made of the optical disk produc- 
ing method according to a second embodiment of the 
present invention for the optical disk 4 according to the 
first embodiment. ^ - ; ■ 

50 : " To begin with, the shape of the shape of the tracks, 
such as 270, on the optical disk 4, and the shape of the 
mark string of 51, 52 etc. of the sync area 12 are pre- 
cisely formed on the surface of a glass substrate in a 
' disk form as shown in Fig. 22,'and from this glass sub- 
55 strate; an original disk 68 informed. The original disk 68 
has a photoresist film 68a deposited on a flat-glass sub- 
strate 68b (Fig 6), and patterns of tracks 270, etc. are 
transferred to the photoresist film 68a by exposure to 
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light, and the original disk 68 are formed by developing 
, the photoresist film. The shape of the surface of this orig- 
inal disk 68 is transferred to a metal such as nickel to 
form a metal stamper. When a plastic substrate 10 is 
s molded by a method such as injection molding using this 
;i stamper, a plastic substrate 10 having tracks 270, etc. 
and mark strings, -such as 51, 52 of the sync area 12 
formed on the surface can be produced (Fig. 10). Sub- 
sequently, by forming a recording film 11 on the plastic 
substrate 10 by vapor deposition, for example, and at-, 
taching another substrate to the substrate 1 0, an optical 
disk 4 is completed. ; 

At this time, since the optical disk 4 according to the 
first embodiment has a structure which represents ad- 
dress information 13 by wobbling the borders 14, 15 of 
the tracks 270, etc. , it is necessary -to precisely form the 
..shapes of the tracks 270, etc. having wobbling wave- 
forms (of the borders 14, ,15) of desired phase on the 
surface of the original disk 68. Therefore, in this embod- 
iment, by scanning the beam spot 69 while wobbling in 
the .radial direction of the disk on the disk-shape glass 
substrate 68b covered on its surface with the photoresist 
film 68a, the hatched area in Fig. 22 is exposed to light. 
The area exposed to light is removed by a developing 
process and thereby groove tracks 270,, 272, etc. are 
formed. The portion between the adjacent groove tracks 
270, 271 remains after the exposure, and becomes a 
land track 271., Thus, an, original disk 68 is. formed as 
shown in Fig. 22. 
,. The method of light exposure of the original.disk 68 .. 
and the light exposure system used. will be described 
with reference to Figs. 6 and 8. Fig. 8 shows a light ex- 
posure system to be used for exposure of the original 
. disk 68 to light. ; 

- Fig. 6 shows scanning of the beam spot 69 used when 
the groove tracks 270, etc. are formed on the original 
disk 68. Here, an explanation will be given for the case 
where the sync area 1 s 2 recorded on mark strings $1 , 52 

; etc. in Fig. 7 A: 

In Fig. 8, the beam 64 frorn the light source 61 , after 
having its intensity adjusted by the intensity modulator 
62, passes through a beam deflector 63, is reflected by 
a mirror 66 to the original disk 68, and is condensed by 
■the objective lens 67. to the original disk 68. Thus, a 
minute beam spot 69 is irradiated to the glass substrate 
68b covered on its surface with a photoresist film 68a. 
The beam deflector 63, driven by a deflector drive circuit 
76, minutely oscillates the optical axis o\ the beam 64. 
Therefore, the beam spot 69 on the original disk 68 
minutely oscillates in the radial direction of the original . 
disk 68. The amplitude of the oscillation -is the width of 
the groove tracks 270, etc. If this width of the.oscillation 
is made to vary with the wobbling waveforms of the bor- 
ders 14, 15 of the groove tracks 270, etc., light exposure 

; can be performed in the shape of, the groove track 270 
• whose borders ,14, 15wobble. In this. manner, while the 

, beam spot 69 is made to oscillate, the rotating motor 71 
joint to a spindle 70. is driven by a motor drive circuit .72 



to rotate the original disk 68. At the same time, a carriage 
65 on which a bending mirror 66 and an objective lens 

67 are mounted is,moved.gradually in the radial direction 
of the original disk 68 by a carriage drive circuit 74. The 

s amount of movement of the carriage 6£ is set as the 
amount of track pitch 280 (Fig. 28) by whicb the center 
of the beam spot 69 is shifted each time the original disk 

68 makes a turn. By those motions, the tracks 270^, etc. 
are formed in a spiral form at intervals of the track pitch 

io 280, and the borders 14, 15 of the groove tracks ?70, 
etc. can be made to wobble with specified phases. The 
carriage drive circuit 74 and the motor drive circuit 72 
are controlled with feedback by the address recording 
control circuit 73. The address recording control circuit 
is 73 sends a deflection signal 104 to the deflector drive 
circuit 76. The address recording control circuit 73 
sends an intensity modulation signal to a, modulator 
drive circuit 75. 

The structure of the address recording control cir- 
20 cuit 73 will be described in detail with reference to Figs. 
9A, 9B. 

As shown in Fig. 9A, the address recording control 
circuit 73 includes an address signal generator 92, and 
a reference clock circuit 95 for outputting a reference 
2S clock signal. Moreover, the address recording control 
circuit 73 includes an intensity signal generator 90 for 
outputting an intensity signal 1 05 to the modulator drive 
circuit 75, and a deflection signal generator 91 for gen- 
erating a deflection signal 104, a head position control 
30 circuit 93 for outputtinga signal tospecify a driyeamount 
to the carriage drive circuit 74, and a rotation control cir- 
cuit 94 or outputting a signal to specify a drive amount 
to the motor drive circuit 72. 

The address, signal. generator 92 receives rotation 
35 information 79 showing the current number of revolu- 
tions from the rotating motor 71 together with movement 
information 78 showing the current position from the car- 
riage 65] and generates a head command signal^ show- 
ing a drive amount of the carriage 65 to make groove 
40 tracks 270, etc. in a spiral form. The head position con- 
trol circuit 93 compares a head command signal with the 
movement information 78, and outputs, a signal to con- 
trol the carriage 65 to the carriage drive circuit 74, The 
address signal generator 92 obtains a number of revo- 
45 \ lutions corresponding to the position .of the/track 270, 
for example, by using 'rotation information 79, ahd'out- 
puts this number as a rotation cpmmand signal to the 
rotation control circuit 94. The rotation control circuit 94 
compares rotation ( information 79 with the rbtatioh.cpm- 
50 mand. signal, and controls. the rotating motor so as; to 
rotate at a specified'number of revolutions correspond- 
ing to the position of the head. . f 5 

The address signal generator 92 generates an ad- 
dress signal showing the address of the groove track 
55 ' 270, for example, on the basis of rotation information 78 
and movement information 79,' and outputs the address 
signal io the deflection signal generator 91 / Further- 
more, the address signal generator 92 generates a clock 
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signal 103(Fig. 10) by dividing the frequency of the* ref- 
erence clock from the'Veference dock circuit-95, arid out- 
puts' the clock signal to the'def lection signal generator 
91. From those' signals; the deflection signal generator 
91 -generates a deflection signal 104 (Fig. 10) using a 
circuit to be described later In addition, the address sig- 
nal generator 92 generates an intensity command sig- 
nai. On the basis of the intensity command signal, the 
intensity signal generator 90 generates an intensity 
modulation signal 105 (Fig. 10) to modulate the intensity 
of the beam 64 to form marks 51, 52, etc. in the sync 
area* 12. To'have the marks 51, 52 of the sync area 12 
formed such that they wobble to right and left from the 
center of the track, the address signal generator 92 gen- 
erates and outputs a synchronous area command signal 
to the deflection signal generator 91 . 

The structure of the deflection signal generator 91 
and the method of generating a deflection signal 104 will 
be described With reference to Fig. 9B. An address sig- 
nal is input to an address modulator 96, generates an 
address of the inner circumference side border 1 4 of the 
groove'track 270, e.g. , a signal of M 1 1 0" and an address 
of the outer circumference side border 15, e.g., a signal 
of "1 1 0". The two addresses are converted by the phase 
modulator circuit 97 into wobbling waveforms represent- 
ing "1 M and "0" according to a difference of the phase as 
shown in Fig. 3, thus forming an amplitude signal 100 
corresponding to the address of the "inner circumference 
side border 14 and an amplitude signal 101 (Fig. 10) 
corresponding to the address of the outer circumference 
side border 1 5. Those signal's are input to the deflection 
signal generator 98: A clock signal 1 03 is input to a scan 
signal generator 99, which generates a scan signal 102 
for scanning the beam spot 69 in the radial direction of 
the/original disk 68, and outputs the scan signal to the 
deflection signal generator 98. The deflection signal 
generator 98 generates a deflection signal (Fig. 10) by 
modulating the amplitude of the scan signal 102 by us- 
ing the 'amplitude signal 100 and the amplitude signal 
101 so that the beam spot 69 scans between the inner 
cjrcumferehbe side border 1 4 and the outer circumfer- 
ence side bbrder 15. The synchronous area command 
signal is input to the deflection signal generator 98. The 
defiectioW signal generator 98 generates a deflection 
signal 104 tb cause the beam spot' 69 to deflect in syn- 
chronism with 102 in the sync area 12 
so as'tb shift abbun/4of the track pitch 280 to the left 
and right ol the groove track, such as 270. ' ' 

^y usihg a deflection sigrial 104 designed to work 
as ' mentioned "kbove; by peftdrming the light exposure so 
prpcess c bn the original disk^S with the light exposure 
f^ 8 !? 1 ? in J' 9; ?' shape of the grbbye trdck 270; for 
example, ' showing information in wobbling 

waveforms of the borders' 1 4/ f 5 and the shapVbf the 
mark strings 5f; 52' in the sync area 12 in :£ Fig: V 7A are "ss 
exposed lo light. Therefore, by pert rbrhihg the develop- 
ing process on _ tHe 'oViginW disk^68^ the. brig'inai disk 68 
for the optical disk 4 according to 'the second" emBod'i- 



merit ban be 'produced. '* * ■ >*.„,,,;■• 

In the above description; the'exposure method was 
discussed referring to the case of the sync area 1'2 in- 
Fig. 7 A, bufthe other" forms of sync area 12 shown in 
Figs. 7B and 7C can also be formed by exposure. How- 
ever, in the cases of Figs. 7B and ,7C, since the'syric- 
area 12 is fbrmed by grooves, the deflection signal 104 
is made so that the sync area 12 is exposed to light in 
a shape of a groove. < ^ . 

> Description will next be made of the method and the 
circuit for reproducing address information according to 
a third embodiment of the present invention. This detec- 
tion method reproduces address information 1 3 from the 
optical disk 4 without using the sync area 12. 

In the optical disks'^ having the sync area 12 as 
shown ih Figs: 7A, 7B and 7C, information marks 274 
cannot be recorded in the sync area 12, and the sync 
area 1 2 occupies that portion of the track. If reference 
signals 420, 421 and a reproducing clock signal can be 
detected from the wobbling waveforms of the borders of 
the tracks 270, etc., 'there is no need to provide the sync 
area 12, and the data recording efficiency can be im- 
proved. ' • i . 

According to the third embodiment, in place of the 
sync area 12, a synchronous (SYNC) segment is pro- 
vided which has the same phase as the wobbling wave- 
forms of the inner circumference side border 1 4 and the 
outer circumference side border 15 of the track. The 
SYNC segment is like the sync area 12 of Fig. 7B, but 
as shown in Fig 7B, the wobbling amplitude of the sync 
area 12 is made larger than the wobbling amplitude of 
the address information 13, and therefore information 
marks 274 cannot be recorded in the sync area 12, but 
the SYNC segment is set to have the same wobbling 
amplitude as in address information 13. Therefore, in- 
formation marks 274 can be recorded in the SYNC seg- 
ment in the same way as in other areas. 1 

Referring to Fig. 11, description will start with the 
method of generating reference signals 420, 421 from 
an optical disk 4 according to the third embodiment with- 
out using the sync area 12. As described above, in ad- 
dress information 13, the wobbling waveforms of the 
borders 14, 15* of the tracks 270, etc: have the same 
frequency but differ in phase. The phase differences 
take no morelhari four' states: 0 degree, 90 degrees, 
180 degrees, and 270 degrees, so" that timing at : zero 
crossing of the detection signal 231 : (Figs. 5 and 24) 
when the wobbling of a groove is detected corresponds 
to 4t (t is a natural number) times the frequency of the 
wobbling. Accordingly, the circuit structures of Figs. 5A 
and 5B are changed into those in Figs. 11 A andllB, 
and the timing at zero crossing of the detection signal 
231 is detected by a zero cross detector 1 25, and in syn- 
chronism with the timing, a PLL (phase locked loop) 126 
is started, dy this arrangement, a signal' having a fre- 
quency four times the wobbling frequency "can be pro- 
duced. What is more.' if the relative linear velocity be- 
tween the reproducing and recording beam spot 1 and 
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the track 270 varies due to a minute variation in the. ro- 
tating speed of the spindle motor 1290 (Fig. 29) or the 
Eccentricity ot the optical disk 4 with respect to the ,ro- 
* tating center of the spindle motor 1290, the signal pro- 
duced as-mentioned above also varies with those vari- 
ations. Therefore, this signal is synchronous with the re- 
corded wobbling waveform, and by dividing the frequen- 
cy of this signal by a frequency divider 127, a synchro- 
nous signal of a wobbling waveform with the same fre- 
quency as the recorded wobbling waveform can be ob- 
tained. " ' * . . . 

The synchronous signal of : the frequency-divided 
wobbling waveforms has a frequency synchronous with 
the wobbling waveforms, but it is not known whether the 
phase is synchronous with the wobbling waveforms. To 
generate reference signals 420, 421 , it is.necessary to 
provide a synchronous signal synchronous in phase 
with the wobbling waveforms, so that this phase needs 
to be decided. To this end, the-f requency divider ,1 27 ; is 
used to generate signals having four phases, 0 degree, 
90 degrees, 180 degrees.and 270 degrees on the basis 
of output of the.PLL 126. Anyone of those signals is in 
phase with the wobbling waveforms. The above-men- 
tioned SYNC, segment is used to select the synchro- 
nized phase out of the four phases. . 

Out of detection signals 231 , a detection signal 231 
from ordinary, address information 13 and a detection 
signal 231 from the SYNC segment are, separated by 
using a sync detection circuit 133 Specifically, with a 
detection signal 231 of ordinary address information 1 3, 
regardless of what phase the detection signal 231 has, 
both synchrqnouadetectors 42, 43 provide a positive or 
negative level of output. However, on the SYNC seg- 
ment only one of the synchronous detectors 42, 43 pro- 
vides a positive or negative level of output, and the other 
detector provides zero output. Therefore, since level de- 
cision circuits 123, 124 identify the area where either 
one of outputs of the synchronous. detectors 42,43 be- 
comes zero, the SYNC segment can be.detected. Fig. 
12 shows detail of the level, decision circuits 123, 124. 
A signal f rom synchronous detector 42 is compared with 
a positive level vl and a negative level v2 by compara- 
tors 226, 227, 228, and 229 in the level decision circuits 
123 124 If output of the ; synchronous detector 42 is 
larger than vl , a level "1 ' signal synchronous with the 
reference signal 420 appears at an output signal 206 of 
a flip-flop,200. If output of .the. synchronous detector 42 
is between v1 and v2, in other wordsjf oulpul of the 
synchronous detector .42 is close to zero, a level "1 " sig- 
nal synchronous with the reference signal 420 appears 
at a signal 205 after passing through flip-flops 202, 203, 
and an AND circuit 201. Similarly, if output of the syn- 
chronous detector 42 is smallcr.than y2,a level "1 " sig- 
nal appears at a signal 207 from a flip-flop 204. ; 
* The detailed operation of the level decision circuit 
123 has been described. Similarly, in the level decision 
circuit .1 24, if output of a synchronous detector 43 is larg- 
er than v1.'a level T signal synchronous with the ref- 



erence signal 421, appears at a signal 218. If output of 
the synchronous detector 43 is between v1 and y2, a 
signal "1" signal synchronous with the reference signal 
421 appears at a signal 219, and, if output of the syn T 
5 chronous detector 43 is smaller than v2. a level "1 ' sig- 
nal appears at a signal 220. 

Signals 206, 207 or signals 21 8, 220 showing |f out : 
put is larger than v1 or smaller than v2 are ORed by the 
logical OR circuits 208, 216. The results of these logical 
10 operations and signals.205, 21 9 showing zero of .^de- 
cision circuits 123, 124 are ANDed by the logical AND 
circuits 209, 217. When : the results of those logica^op- 
erations are ORed by the logical OR circuit 2,1 0„a sync 
signal 121 , which shows that the detection signal ?31 is 
is a signal from the SYNC segment, can be obtained 

' When the SYNC segment is detected as mentioned 
above, signals for reference signals 420„421 can be se- 
lected from the signals with four phases mentioned ear- 
lier, using the detection signal 231 from the SYNC seg- 

20 ment. ■ ■ 

Description will be made of. the principle for select- 
ing signals for the reference signals 420 421 from sig- 
nals with four phases. .Since the reference signal 421 is 
90 degrees out of phase with the reference signal 420, 
25 if the phase of the reference signal 420 is decided, it 
follows that the phase of the reference signal 421 can 
be decided. One of the signals of four kinds of phases 
0 degree, 90 degrees, 180 degrees and 270 degrees 
generated by the frequency divider. 127, to take an ex- 
30 ample, a signal with the phase.of 0 degrees is input from 
the synchronous signal generator.41 into the synchro- 
nous detector 42 as a reference signal 420. A signal 90 
degrees out of phase with the reference signal 420, that 
is, a signal of a phase of 90 degrees is input tathe syn- 
35 chronous detector 43 as a reference signal 421 Since 
the SYNC segment is formed such that the wobbling 
waveform of the inner circumference side border 14 and 
the wobbling waveform of the outer circumference side 
border 1 5 are in phase with each other, .either one of the 
40 outputs of the synchronous detectors 42. 43 in Fig. 5A 
in relation to the SYNC segment is zero, and the other 
output becomes a positive or a negative level. At this 
time 4here are two factors for deciding, if ^either one. of 
outputs is zero, positive or negative: one ( is. the phase of 
45 the wobbling waveform, in the SYNC segment and the 
other is the position at which the reproducing bearn spot 
1 is iocated.i.e. the grcx^ye' tracks, 270, ..etc. or the land 

tracks 271, elc. . . . ... :0 ; : ?• 

Accordingly, since the gobbling waveform of the 
50 SYNC segment is already known, by selecting groove 
track 270 or the like or a land .track 271 or the like,, by 
positioning 'the beam spot at the selected track using the 
tracking control, system 1*32. and the tracking .polarity 
switching circuit 1 ^.included in tbe ; tracking control cir- 
55 cuit 1300, and i by! knowing 'which of the outputs of the 
synchronous detectors 42, 43 is. 0, it can be .decided 
whether the phase relationship between th? reference 
signal 420 Wiicr! was input and the/ef erence signal 420 



13 



<EP 083880SA2_L> 



25 



EP 0 838 808 A2 



26 



to" be input is 0 degrees or 180 degrees, or 90:degrees 
or 270 degrees. ' * , . . v , 

" ; -For example, when the phase'relationship is known 
to be 6 or 1 80 degrees by the above decision, by f urther 
detecting if a non-zero output from the outputs of the 
synchronous detectors 42, 43 is positive or negative, a 
further decision can be made as tb whetherthe phase 
relationship is 0 degrees or 1 80 degrees. Similarly, if the 
phase relation is known to be 90 degrees or 270 degrees 
by the above decision, a further decision can be made 
as to whether the phase relationship is 90 degrees or 
270 degrees. ~ ■ ' v. • 

The 1 above-mentioned decisions can be made by a 
circuit block as shown in Fig. 12. In Fig. 12, the switching 
command circuit 1 31 is a part of the mechanical control- 
ler 1303, and switches over the selection ofthe groove 
track, such as 270, or the land track, such as 271 . The 
logical AND operations are carried out by AND circuits 
212, 213, 214 and 215 between, on one hand, a signal 
225 of a polarity which indicates whether the track, such 
as 270, selected by the switching command circuit 131 
is a groove or a land, and, on the other hand, signals 
206, 207, '218, and 220 showing the synchronous de- 
tector butput level being larger than v1 or smaller than 
v2, as detected by the level decision circuits 123 and 
1 24. Note that one of the signals with four kinds of phas- 
es of 0 degrees, 90 degrees, 180xlegrees, and 270 de- 
grees, produced by the above-mentioned frequency di- 
vider^, that is, a signal of a phase of 0 degrees, for 
example, is input as a reference signal 420 from the syn- 
chronous signal generator 41 to the synchronous detec- 
tor 42- As the reference signal 421 , a signal which is 90 
degrees out- of phase j with the reference signal 420 is 
input to the synchronous detector 43. 

In the circuit of Fig. 12, when the reference signal 
420 currently being input is 0 degree out of phase (in 
other words; in synchronism) with a correct signal which 
should have been input as the reference signal 420. the 
'signal 221 is- at the lever of "V, or when the phase dif- 
ference is 90 degrees, the signal 222 is at the level M 1 ", 
or when the phase difference is 180 degrees, the signal 
233 is at W T W , or when the phase difference is 270 de- 
grees, the signal 224 is at "1 " Thus, in the phase com- 
mand signal 120 consisting of signals 221 to 224, by 
detecting which signal is at the lever 1 \ a decision can 
be made as to how the phase of the reference signal 
420 currently' being input is shifted from the phase of a 
reference signal 420 which is correct and should have 
been input. ' ■ * ■■■ •.. * : 

V.- B ^ i n P utt ^9 the Phase command signal 120 into the 
selector 128 and having the selector 128 select-any of 
the-four signals wit ffdiffe rent phases, which are gener- 

"ated by the phase divider Y27; a correct reference signal 
420 can be selected. For example; when the signal 222 

-whicVis "90 degrees out of phase with a correct phase 
'^at the level M"ln the phase command signal 120, the 
selector 128 selects a signarfbrmeel by -adding a phase 
cSf 270 'degrees to the reference's ignar420 currently be- 



ing input, and the synch ronous^detector>42 outputs this 
signal as the reference signal 420. On the other hand, 
as the reference signal 421 , a signal obtained by adding 
90 degrees to the reference signal 420 is output. .: , * 
5 -, Thus, reference signals 420, 421 can be' formed 
from the wobbling waveform detection signal 23,1 of the 
borders 14, 15. The reference signals^420, 421 vary in~ 
accordance with variation in the linear velocity of the re- 
producing beam spot on the tracks 270, etc. due to the 
10 variation in the number of revolutions of the current op- 
tical disk 4 or the eccentricity of the optical disk 4: and 
so on. Therefore, by using the reference signals 420, 
421, the information marks 274 and the address infor- 
mation 1 3 can be accurately demodulated. 
™ - Description will now be made of the method of gen- 
erating^ recording and a reproducing clock signal used 
when recording and reproducing data from the wobbling 
waveforms otthe borders : 14, 15 on the tracks 270, etc. 
Applied to this method is the fact that the oscillation tre- 
20 quency of PLL 126 in Fig. 11 is 4t times the wobbling 
frequency as described above. More specifically, the os- 
cillation frequency of PLL 126 is multiplied by a specified 
number. For example, if the wobbling frequency of the 
borders 1 4, 15 is set at 7.5 kHz or so and the frequency 
2S of a recording or reproducing clock signal is set at 7.5 
MHz, then the oscillation frequency of the PLL 126 is 4t 
times' the wobbling waveforms, namely 150 kHz. By 
multiplying this 150 kHz by a specified number (e g , 50), 
a recording signal or a reproducing clock-signal can be 
30 produced When this recording or reproducing clock sig- ^ 
nal is used/ even if the linear, velocity of the recording 
and reproducing beam spot 1 on the tracks 270, etc. var- 
ies due to a minute variation in the number of revolutions 
of the optical disk 4, and the eccentricity of the optical 
35 disk 4, information marks 274 can be recorded and re- 
produced: .. 

Subsequently, description will be made of the meth- 
od of reproducing address information 13and the circuit 
structure for reproduction according to a fourth embod- 
40 iment of the present invention. 

In the third embodiment of the present invention it 
is necessary to decide the phases of the reference sig- 
nals 420, -421 for use in detecting address information 
13, but in the fourth embodiment, address information 
45 is detected without deciding the phases. 

In the fourth embodiment of the . present invention, 
a composite wavefornrVof the waveforms of the inner cir- 
cumference side border 14, and the outer circumference 
side border 1 5 of each track 270, for example is detected 
50 for each bit. When recording address information 4 3, in 
other words, when tracks are formed on the original disk 
68 by the light exposure process; it is arranged that the 
phase of the composite waveform of the subsequent bit 
is shifted by an amount decided by a predetermined rule 
ss from the phase of the preceding bit, and address infor- 
mation 13 is recorded utilizing therpnase difference be- 
tween the composite waveforms. The actual wobbling 
• waveforms of- the borders 14, 15 -are formed as wave - 
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.forms obtained by decomposing the composite wave- 
form When reproducing address information .13, the 
-phase of the composite waveform of each bit is detect- 
" ed and a phase difference from the, preceding bit is ob- 
tained by using the differential detector 38,and the band 
filter 39 By collating the obtained phase difference with 
' the above-mentioned rule, address information is repro- 
duced. ' 1 - ' 
Description of this will now. be given in more detail. 
Data "1" and "2° represented by the borders 14, 15 of 
the tracks 270, etc. are combined to form pairs of data 
of the inner circumference side.border and -data of the 
outer-circumference side border; The result is that data 
of a given bit is any one of the following four cases:- a 
case of "0 M on the inner circumference.side border and 
-0" on the outer circumference side border; a case of °0" 
on the inner circumference side border and "1" on the 
outer circumference side border; a case of "K on. the 
inner circumference side border and "0" on the outer cir- 
cumference side border; a case o("1"on the inner cir- 
cumference side border and "1 ' on the outer circumfer- 
ence side border, The phases .of the composite - wave- 
forms differ among all of the above fours pairs. In the 
fourth embodiment, by using this, in relation to the phase 
of the composite waveform of the preceding, bit, thc.de- 
■. gree of shift in the phase of the composite waveform of 
the next bit is set for various pairs of the composite 
waveforms arranged in a row. The phase differences 
- and the corresponding pairs of the composite wave- 
forms a re. (formulated as a rule. . 

Fig 1 4A is an example of the rule. To be mora spe- 
cific when' data ,"0' ^ is recorded at the inner circumfer- 
ence side border and data U 0 M at the outer circumference 
side border at a. given bit, the phase of the composite 
waveform for this bit is set to be the same as the phase 
of the composite wavelorm of the preceding bit. Alter- 
natively when data •0" is . recorded at the inner circum- 
ference side border, and data "1 " at the outer circumfer- 
ence side border, the phase of the composite waveform 
of this bit is set to lead */2rad.on the phase of the com- 
posite waveform of the preceding ;bit. When data "1 M is 
recorded.at the inner circumference side border and da- 
ta>"0r at the outer circumference side,;the;phase of the 
composite waveform of this bit is setito lead n rad.on the 
phase of composite wavelorm of the preceding bit. 
When T is. recorded at the inner circumference side 
border and "1" at the outer circumference side border, 
the phase of the composite, waveform of this bil is set to 
lead 3 n/2rad on the phase of .the. composite waveform 

of the preceding bit. . - 

- .When an original ^isK68;is prepared, the phased 

the 'composite waveform .representing data of address 
information is obtained. according.to this rule, and by de- 
composing this, composite waveform, .the wobbling 
waveforms of the borders 14,15 are determined. As has 
. been, described with reference to Figs.v.24A, 24B and 
24C, the detection signal-231,(Fig, 24C).output from the 
band filter, 39 is a composite waveform, of 4he wobbling 



waveform of the inner circumference side and the wob- 
bling waveform of the outer circumference side of the 
track. Therefore, by detecting the amount of shift of the 
phase of the detection signal 231 from the preceding bit, 
5 data of the inner circumference side border and data of 
the outer circumference side border can be reproduced 
together as a combination of data only from the phase 

difference. • ■' £ 

. However,, since data of the border is shared by, me 
10 groove track, such as 270, and the land track-,. such as 
271 , if data is to be recorded according to the above rule 
in a combination of the inner circumference side border 
14 and the outer circumference side^border 15 of the 
groove track side 270, it is impossible to record data of 
is the same bit on the land,track side 271 because oHhe 
above rule. Therefore, as indicated by the broken* line 
* in Fig. 14B, the inner and outer borders are combined 
in a pair 1 402 of the groove track side 270 etc. and the 
land track side 271 etc. at every other bit. Like the SYNC 
20 segment in the preceding -embodiment, ^synchronous 
segments .1401, by which the phases of the, inner-cir- 
cumference side border and the outer circumference 
side border are matched, are provided at fixed intervals. 
When reproducing the composite. waveform of the pair 
25 1 402, this synchronous segment 1 401 is.detected. and 
by counting down the clocks on the basis of this syn- 
chronous segment, signals indicating the bit areas are 
formed, and by using, the bit indication signals, the pair 
1 402 on the groove track, such as 270, and the pair 1 402 
30 on the land track, such as 271 . are separated and de- 
tected. • j r - * 
- Description will be.continued with, reference to an 
illustrative example. For example, as shown in Fig. 19, 
data °0 n or "1 " ol address information 1 3 is- going to be 
35 recorded at the borders of the tracks. Supposing that 
data at the inner circumference side border 14 : of ;the 
groove track 270 is denoted by A, and data at the outer 
circumference side border 1 5 is denoted by B, Jhen the 
first bit is (0, 0) for (A, B)- Suppose that(1 , oyjs.going 
AO to be recorded at the next bit. lathis case, it is necessary 
to record a composite; waveform, which is .by ic.oyt of 
phase with.the composite waveform of the preceding bit. 
Accordingly, if the phase of thacomposite (i wayeform,of 
the preceding bit (0. 0) is 0, -the phase of the composite 
45 waveiormof bit (1, 0) isn, so that the.phases ophe wob- 
bling waveforms of^each borde^ are as shown in Fig. ; 19. 
If (0, 1) is recorded next to (1,0), it, is required to record 
a composite waveform, which - is 7i/2^out,p.f phase, with 
the composite waveform of the preceding bit,Hence, the 
.50 phases of the composite waveforrn. of bitJO^I j and the 
wobbling waveformsof the borders are as shown in.Fig. 
19. After this, by deciding the.phases.. of.tfte composite 
waveforms, the phases 'of the ywqbbl in g r wayefqrms.of 
the. borders :can be decided.. i ; ■,>-' <■>.; = - 
as . : , Meanwhile, jn/reprpductiqn, like in thajpreceding 
embodiment, a, clock ..signal is generated which, has a 
frequency- four jimes ,the ( wobbling frequencies,qf .the 
borders 1,4, 1 5 of trie.track-, and by dividing the f .f requency 
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of the clock signal, reference signals 420/421 'lor syn- 
chronous detection are produced. The phase "may take 
four states, but any phase may be used. The reason for 
this is as follows. The reason for this is that, since ; data 
can be reproduced only from the phase difference of the 
composite waveform, the only thing required first of all 
is to'find the phase of the composite waveform of the 
first bit, arid thereafter data can be reproduced using a 
difference from the preceding bit. In this case, if the 
phases of the reference signals 420 : 421 are not select- 
ed correctly, data at the first bit cannot be read correctly, 
but from the next bit onward correct data can be repro- 
duced. Because address information 13 can be record- 
ed'repeatedly at the borders of one track 270, for exam- 
ple; there is no problem even if data at the first bit cannot 
be read correctly. By performing synchronous detection 
by varying the phases of the reference signals 420, 421 
according to data of reproduced address information 13, 
it is possible to generate reference signals 420, 421 of 
correct phases on the basis of the phase of the previous 
data. 

Figs. 15 and 16 are circuit block diagrams for de- 
modulating address data according to the address in- 
formation reproducing method mentioned above. The 
synchronous segment detection circuit 333, just as in 
sync signal detection by the detection circuit 133 in the 
third embodiment, detects the synchronous segment 
1401; and outputs a synchronous segment signal 121' 
in Fig 13 The synchronous sync detection circuit 333 
generates a groove/land modulator signal 326 from a 
signal which has detected the synchronous segment 
1401. The groove/land modulator signal 326 is a mod- 
ulation signal to indicate whether the paPr 1402 for a bit 
is on the groove track, such as 270, or on the land track, 
' such as 271 . Those two signals are input to the address 
demodulator circuit 422, and are used as timing signals 
; in demodulating data. The address demodulator 422a 
receives outputs frorn the synchronous detectors 42, 43 
in the form of binary signals to which those outputs have 
been converted by the comparators 44, 45. The address 
demodulator 422a, according to timing controlled by the 
synchronous segment signal 121'and the groove/land 
modulator signal 326, separates address information of 
a da ^ P a,r at a Groove track, such as 270, and a data 
pair at a land track, such as 271, to thereby reproduce 
; (demodulate) data ^according to the above-mentioned 
rule. *' "•*'- ■ r - ' iv . 

Description will now move on lo the detailed circuit 
structure andMhe operation of ' tfie" synchronous detec- 
tion circuit '333. As has been described,' the synchro- 
nous detection circuit/using the same circuit structure 
and operation as in the sync detection circuit 1 33, gen- 
erates a v synchrond us segment signal 1 21 ' shown in Fig. 
16. The synchronous detection circuit 333 divides the 
frequency of the clock signal in the counter 340 of the 
data timing generator 325 by using the-synchronous 
segment' signal 1 21 1 and the clock signal* 400 to thereby 
generate a signal 350 (Fig:M 3j ; cdrrespohding to bit pe- 



; hods, and subdivides the signal 350 by half, and gener- 
: ates a groove/land modulator signal 326 in synchronism 
with the synchronous segment signal 121 '. The synchro- 
nous detection circuit 333 generates signals to, detect 
: 5 the phases of the composite waveforms ofeach bit by 
performing logical operations at the circuits 208 20& 
210, 216, 217, 312, 313, 314, and 31 5 using binary sig- 
nals* 205, 206, 207, 218, 219, and 220 converted: from 
outputs of the synchronous detectors 42, 43. The syn- 
io chronous segment detection circuit 333 associates the 
outputs of the- AND circuits 31 2; 31 3, 31 4, and 315 with 
four kinds of data of the pairs 1402, and inputs the re- 
sults to memories 327, 328, 329 and 330. The memories 
327, 328, 329 and 330 store the phases of the pairs 
1402 on the groove tracks, such as 270, and the phases 
of the pairs 1402 on the land tracks, such as 271, and 
reads ourthe preceding phase when data of the next 
pair on the same track is demodulated. 

The detailed structure of the memories 327 to 330 
20 will be described with reference to the memory 327 as 
an example. The memory 327 takes the output of the 
AND circuit 312 into the flip-flop circuits -341 and 343 
respectively at the leading edge of the groove/land mod- 
ulator signal 326 and at the leading edge of the inverted 
2S signal of the groove/land modulator, signal 326, and 
sends out the output as it is selected by the selector 342 
according to the polarity of the groove/land demodulator 
signal 326. The output of the memories 327, 328, 329, 
and 330 is used as a phase command signal 320 to se- 
30 lect signals of correct phases by controlling the selector 
428 to produce reference signals 420," 421 of correct 
phases. ; _ 

Description will be made of the method of reproduc- 
ing address information 13 and the circuit structure for 
35 reproduction according to a fifth embodiment of the 
present invention. v 

In the preceding embodiment, data on both borders 
14, 15 of each track, such as'270 is recorded and repro- 
duced as data in a pair 1402 for every bit. In the fifth 
40 embodiment of thepresent invention, data 1 on the bor- 
ders 14, 15 of a track, such as 270, is independently 
modulated and recorded; To be more 'specific, data for 
a bit on the inner circumference side border 14 of a track 
270, for example, is recorded by a phase difference with 
4s respect to the wobbling waveform of data at the preced- 
ing bit. The phase differences with respective pieces of 
data should be decided as a rule in advance as shown 
in Fig. 17A. The rule in Fig. 17A is as fbllows:- When data 
at the next bit is "0" on a certain border 1 4, or 1 5 regard- 
50 less of whether data at the preceding bit is "0" or ■ t", a 
wobbling waveform of the same phase as in the wob- 
bling waveform at the preceding bit should be set. and 
when data at the next bit is »r, a wobbling waveform of 
a phase leading by tt on the phase of the wobbling wave- 
55 form at the preceding bit should be set.. When data is 
represented with a phase difference of a wobbling wave- 
form for each border 14, if it is clear which of outputs of 
the synchronous detectors 42, 43 is data on the inner 
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-circumference side border of a track, such as 270 and 
which of outputs is data on the outer circumference side 
-border, then separate items of data which correspond 
icto the synchronous detectors 42, 43 can be detected 
veven though the phases of the reference signals 420, 
,(421 are 180 degrees out of phase with each other. 
* Note that the SYNC segments having the same 
. wobbling waveform on the inner and outer circumfer- 
ence side borders are provided at fixed periods also in 
this fifth embodiment 

In order to decide which of the synchronous detec- 
tors 42, 43 outputs data on the inner circumference side 
of the track and which of those detectors 42, 43 outputs 
data on the outer circumference side of the track,. it is 
only necessary to use the methods of sync. detection 
and phase decision of the reference signals-described 
with reference to Figs. 11 and 12. In other words, since 
the phase of the wobbling waveform in the SYNC seg- 
ment has already been decided, and depending on 
whether the location of the beam spot 1 is on a groove 
track or on a land track, the polarity of outputs of the 
synchronous detectors- 42,, 43 is detected when the 
phases of the reference signals 420, 421. are zero. 
Therefore, by detecting the polarity of the level pi output 
of Asynchronous detectors 42. 43, the phases of the 
reference signals 420, 421 can be decided correctly. 

In the fifth embodiment uv Fig. 17, instead of the 
above-mentioned SYNC segment or synchronous seg- 
ment 1401 data for synchronization may be recorded 
.aUixed periods on both borders 14, 15. For example, 
as shown in Fig. 18A. two synchronous bits 1811 are 
secured in fixed periods, in which data "01" is recorded, 
for example, to show that those two bits are for synchro- 
nization purpose: By this arrangement, the sync bits 
r1811 can be detected regardless of the state of phase 
by the same detection principle as in the embodiment 
in Fig. 17. The frequency of the timing signal for detect- 
ing the sync bits 1811 may be divided to.generate are- 
producing clock signal or a recording clock signal. When 
output of the synchronous bits 1811. is zero, the area 
where output of the synchronous detector 42 or 43 is 
zero is detected by the level decision detectors, so that 
the uncertainty of the phases of the reference signals 
420, 421 is reduced by half. In other words, it is : known 
which side the track the synchronous detectors 42, 43 
correspond to, the inner circumference side or the outer 
circumference side. Also in the fifth embodiment in Fig. 
17, as shown in Fig. 18B, like in the case of the synchro- 
nous segment 1 401 , by inserting bit 1 81 2 of a predeter- 
mined phase at fixed intervals in data,, a reproducing 
clock signal or a recording clock signal can be generated 
from a signal of this bit 181 2Jn addition, timing by which 
to correctly set the phases of the reference signals 420, 
421 is.increased;so that recovery from loss of synchro- 
nism can- be achieved quickly, thereby enhancing relia- 
bility, .r: * 

: , Finally, description will be made.of a sixth embpdi- 
; ment of the present invention. >, 



» In this embodiment, the method of detecting a track 
shift signal without offset will be discussed. 

When the reproducing beam spot : goes across a 
track, output of the differential detector 38, shown in Fig. 
5 20 which has a similar circuit structure as in Fig. 5 A is 
represented t by the signal 521 in Fig. 21, having a wob- 
bling frequency component (the dotted, line) superim- 
posed on the track shift signal (the solid line). At this 
time, as the center of the beam on the two^iece detec- 
10 tor 33 of Fig. 5A deviates from the split center of the two- 
piece detector 33, offset occurs in the signal 51 2 of Fig. 
. 21, and the position of the zero point of the track shift 
signal shifts from the center of the track, such as 270. 
.Only the wobbling frequency component is extracted 
15 from the signal 521 by the band filter 39, then signals 
522 and 523 are obtained as outputs of the synchronous 
detectors 42, 43. Specifically, the wobbling frequency 
component corresponding to the phase of the waveform 
at the inner circumference side border 14 of the groove 
20 track 270, for example, has a large absolute amplitude 
on the inner circumference side of the groove track, 
such as 270, and the absolute values of the outputs are 
greatest on the. inner circumference side border 14 and 
smallest on the outer circumference side 15 t of the 
25 groove track, such as 270. The wobbling frequency 
component corresponding to the phase of the outer cir- 
cumference side border of the groove track, such as 
270, has a large absolute amplitude on the outer circum- 
ference side of the groove track, such as 270, and the 
30 absolute values of the outputs are greatest on the outer 
circumference side border 1 5 and smallest on the inner 
circumference side border 1 4 of the track, such as 270. 
... ; Therefore, when those absolute values are cap- 
tured by the absolute value detectors 401, 402 .of. Fig. 
. 35 , 20, the signals 524, 525 are detected as the beamjspot 
moves. When a difference between those signals is ac- 
quired by the differential circuit 403, 3 track shift signal 
■ 526 without offset can be detected. By. using this signal 
for tracking control, tracking control can, be r performed 
AO with high accuracy. . . . ;:■ 

. Also, by using this signal, a ,track:Shift signatwith 
offset can be corrected. The wobbling frequency com- 
ponent extracted from the signal 521 by. is removed by 
the differentiaLcircuit 407 to generate a track shitt stgnal 
45 which includes only an offset component. Thereafter, 
gain of the signal 526 is corrected by,the gain correction 
circuit 404, and signals are added by the adder 405 with 
their- polarities .matched, to. thereby correct ,lhe : off set 
component." As the offset, correction method,, a .well- 
- so known method may be adopted. The track shift signal 
after the -correction process has Jts- track shift polarity 
switched according to the polarity shift instruction of the 
land; and groove .tracks using \thc .tracking polarity 
switching circuit 1 30,' and sent to trpe tracking control cir- 

55 cuit 132:- ( . ^ , -, v. - j ... 

As, has been described, in the optical disk 4 accord- 
ing to each , pt the. above-mentioned embodiments,, the 
inner and outer circumference.side borders .14. -1 5 ; ,of 
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each track, such as 270 are wobbled with different phas- 
es to record different items of address'informatfonh 3 on 
the inner and outer circumference side borders t'4, 15. 
Therefore, even if the diameter of the beam spot 1 dur- 
ing reproduction is larger than the track width' arid the 
beam spot 1 extends over the tracks oh both sides of 
the track from which data is to be read, the track can be 
identified by address information which has been read 
out. Accordingly, even if the track width is about one- 
half ofthe diameter of the beam spot 1 , the track can be 
identified accurately to read information. Also in record- 
ing, the track can be identified correctly to record infor- 
mation marks 274. 

' With the opticaldisk 4 in those embodiments of the 
present invention, even in the area where address in- 
formation 13 has been recorded by wobbling of the bor- 
ders 14, 15 of the track, such as 270, and the borders 
14, 15 of the track 270, for example : have wobbling 
waveforms, user data or the like can be recorded by us- 
ing information marks 274. For this reason, it it not nec- 
essary to provide areas dedicated to recording of ad- 
dress information 13 on the optical disk 4. Therefore, 
since it it not necessary to use, for example, the VFO 
unit for use when reading address information 13, the 
user data recording efficiency can be improved com- 
pared with the case of using address information record- 
ed in the conventional preformatted header. 

Furthermore, in the embodiment shown in Fig. 11, 
for example, a clock signal can be generated from the 
wobbling waveform on the track, such as 270, so that 
the sync area 1 2 is not required, thus making it possible 
to improve the recording efficiency of user data. 

Description will be made of the user data recording 
efficiency of the optical disk 4 in this embodiment by 
comparing with the prior art; In this embodiment, ad- 
dress inform atibn 13 is recorded ori borders on both 
sides of a track, arid therefore it is not necessary to se- 
cure on the track the areas for Preformatting address 
information (ID) 259 as in the conventional ISO format 
Jn Fig 25. Since the address information (ID) segment 
,259 is not required, those segments arranged to read 
the address information segment 259, such as the VFO 
segment 257, the address mark segment 258, and the 
PA segment 263, become unnecessary. The sector 
mark (SM) segment 256 also becomes' unnecessary be- 
cause the same function is performed by the sync area 
; se9n-ient, or the sync segment 1401 in this 
embodiment. j Further, in this embodiment, a reproduc- 
ing clock signal can be' generated from the sync area 1 2 
or the wobbling . waveforms of the track, 1 and therefore 
Vthe VFO segment |252 and the 1 RES YNp segment 268 
in Fig. 25 become unnecessary. The clock generated 
J rom a si9 na M rom . tne sync area 12 rtiay be used as a 
recording clock signal' Therefore: even when a variation 
occurs in the rotating speed of the optical disk rotating 
m 9 to ^' ' nforrT l at ' on /parks can be recorded at a fixed fre- 
quency, so that the buffer 25£> becomes unnecessary. 
Accordingly, in the optical disk 4 in this embodiment, 



out of the conventional format in Fig. 25, 63 bytes of the 
preformatted header 250, 69 bytes of the VFO seg- 
ments 257, 252, 23 bytes of the buffer segment 255, and 
78 bytes of the RESYNC segment 268 become unnec- 
5 essary. Asa result, the data recording efficiency of user 
data is 1014/1219 bytes-, namely 84 %. Note that in the. 
conventional ISO format in Fig. 25- the data recording 
efficiency of user data is 1024/1410, namely 72.6 % .. 
In the third embodiment in Fig. 11 , since a recording 
io clock signal is generated from the wobbling waveform, 
the sync area 12 is not required, and thus the data re- 
cording efficiency can be further improved. 

Therefore, according to the present invention, the 
user ciata recording efficiency of the optical disk 4 can 
is be increased to at least 80 : % so that the data recording 
efficiency can be' raised to an extremely high efficiency. 

As is clear from the foregoing description, according 
to the present invention, there is provided an information 
recording medium with an improved track density/ which 

20 has address information recorded in advance so that in- 
formation can be recorded or reproduced on a target 
track securely in recording or reproducing data. Also, an 
information reproducing method and an information re- 
producing apparatus capable of reproducing informa- 

25 tion from the information recording medium according 
to the present invention are provided. Moreover, a track 
forming method and a track forming apparatus can be 
provided for forming a track on the information recording 
medium according to the present invention. 

30 - • • . : • -,- . 
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1. An information recording medium comprising: 
a substrate; 

a plurality of tracks formed on said substrate, 
said plurality of tracks including a plurality of 
groove tracks consisting 1 of a plurality of 
grooves formed mutually spaced apart by a 
fixed space, and a plurality - of land tracks 
formed in areas between adjacent groove 
tracks, ; ^ 

wherein said grooves are so formed as to rep- 
resent information by wobbling waveforms' of bor- 
ders wobbling between said groove tracks and said 
land tracks in a shape which wobbles said borders, 
wherein the period of the wobbling waveforms of 
said borders is^ixed for each border, and wherein 
the phases of the wobbling waveforms of said bor- 
ders are such that the waveforms of the opposing 
portions of the adjacent borders facing each other 
across each said track are out of phase with' each 
other by a predetermined phase difference. 

2. An information recording medium according to 
> Claim 1 , wherein said tracks are of a structure such 
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^ . that information marks are formed in.the areas be- 
tween said borders. 

"T3. An information recording medium according to 
Claim 1, wherein information represented by the 
wobbling waveforms of said borders includes infor- 

r " .mation indicating the locations of.:said borders on 
. said substrate: 

4. An information recording medium according to 
Claim 1 , wherein said borders are partitioned jnto 
segments of a predetermined length in the direction 
of said track, wherein the phase of said wobbling 

• waveform is constant within each. said segment, 
and wherein the phases in said segments are de- 
termined to be either one of two predetermined 
kinds of phases. . ; 

5. An information recording medium according to 
Claim 1, wherein said predetermined phase differ- 
ence is 90 degrees. 

6. An information., recording, medium, according, to 
, I, Claim 4, wherein .said two kinds of phases are f 80 

degrees out of phase with each other. 

7. t An information recording medium according to 

Claim 4, wherein on each said border, information 
is represented by one kind of phase oithe wobbling 
waveform within said border, and wherein said two 
kinds of phases correspond to two kinds of informa- 
tion. 

8. An • information recording , medium according to 
Claim 4, wherein on each said border, information 
is represented by the phase differences between 
the wobbling waveforms of adjacent segments. 

9. An ^information recording medium according to 
Claim 8, wherein on said border, two kinds of infor- 

. mation are represented by the presence or absence 
' of the phase difference between the wobbling wave- 
forms of said adjacent segments. 

10. An information , recording .medium according to 
: Claim 4, wherein,said segments of said borders are 

formed such that the adjacent segments of said bor- 
ders, which are side by side in Ihe direction of said 
track, face each other across the track, and wherein 
the segments facing each other on said track form 
. a pair, and information of said segments in said pair 
is .represented by, a phase, difference between a 
composite waveform including the superposed 
wobbling..waveforms of the. opposite segments of 
the pair and said composite waveform of the adja- 
cent pair on the same track. 

11. An information recording, medium according to 



Claim 10, wherein the phase difference of said com- 
^posite waveforms js one of predetermined four 
kinds of phase differences, and wherein said four 
kinds of phase differences correspond to four kinds 
5 of information as four combinations of information 
of the respective segments in the pair. . . " 

12. An information recording medium according to 
Claim 1 0, wherein on said track, a pair of said seg- 

io ments of the borders facing across said groove 
track and a pair of said segments of the borders 
across said land track are arranged alternately, : 

13. An information recording medium, according to 
Claim 1 , wherein on said track, sync areas for gen- 
, erating a synchronous signal are arranged at a pre- 
determined interval, and wherein in each said sync 
area, marks of a predetermined shape are formed. 

14. An information recording medium., according to 
Claim 13, wherein said marks are formed by wob- 
bling said borders along the track with fixed period, 
amplitude and phase. 

15. An information recording medium according to 
Claim 1, wherein on said border, synchronous por- 
tions for generating a synchronous signal are ar- 
ranged at a predetermined interval, wherein said 
synchronous portions are formed by wobbling said 
borders with fixed period and phase, and wherein 
said tracks are of a structure such that information 
marks can be formed in the areas between said bor- 

. ders also in said synchronous portions. 

35 16. An information recording medium according to 
Claim 15, wherein the length of. said synchronous 
portion is the same as the length of said segment. 

17. An information recording' medium according to 
40 Claim 1 , wherein predetermined information is rep- 
resented at a predetermined intervals "with said 
wobbling waveforrn on "said borders to generate a 
synchronous signal. .. , * 

45 18. An information reproducing. apparatus comprising: 

\ : a rotating portion to rotate . an information re- 
cording medium on which information has been 
recorded by wpbbling r said borders on both 
so \ sides of a track with different phases;' 

" a beam irradiating portion for irradiating a beam 
r ' spot on said track of said inf brmat ion recording 

medium; , , . . - ; t , 

" aphotodetectorfpr receivjngaVeflecte^ bea 
55 . of said beam sri'ot f rom said information record- 

ing medium; . . - . ,:. f 

■ dejection means ; for \ detecting, a; composite 

wayefprm.including waveforms on said borders 
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on both sides from the received beam' intensity 
. of said photodetector; referericesignal gener- 
' ating "means for generating two reference sig- 
nals respectively synchronized with the phases 
of the wobbling of said borders on both sides; s 
J ' ' " and ' 

information reproducing means for separately 
reproducing information of the wobbling wave- 
; ; form of said borders on both sides by multiply- 
ing said composite waveform by said two refer- 10 
; ' 1 ehce signals respectively. 

19. Ah information reproducing apparatus according to 
Claim 1 8, wherein said photodetector separately re- 
ceives said reflected beam as two beams: a beam : is 
from one border side and a beam from the other 
border side, and wherein said detection means in- 
cludes difference detecting means for obtaining a 
difference of the intensity of two beams detected by 
said photodelector, and frequency selecting means 20 
for detecting a composite waveform by extracting a 
signal of a frequency of said composite waveform 
from output of said difference detecting means. 

20. An information reproducing apparatus according to 2s 
Claim 18, wherein said reference signal generating 
means generates two signals 90 degrees out of 
phase with each other as said two reference sig- 
nals 

30 

21. An information reproducing apparatus according to 
Claim 1 9, wherein said detecting means includes 
track shift signal detection means for removing a 
signal of the frequency of said composite waveform 
from output of said difference detecting means in 3S 
order to obtain a track shift signal representing a 
displacement of said beam spot from the center of 
said track 

22. An information recording apparatus according to 40 
Claim 21 , further comprising tracking control means 

for controlling the location of said beam irradiating 
portion by using said track shift signal to position 
said beam spot to the center of said track. 

45 

23. An information reproducing apparatus according to 
Claim 18, further comprising synchronous area de- 
tecting means for delecting synchronous areas pro- 
vided at a predetermined intervals on said track of 
said information medium from output of said photo- so 
detector, and clock signal generating means for 
generating a clock signal by dividing the frequency 

of output of said sync area detecting means, where- 
in said reference signal generating means gener- 
ates said reference signals from said clock signals, ss 

24. An information reproducing apparatus according to 
Claim 23, further comprising information mark re- 



- : cording means - for recording information marks 
* r formed *as changes in optical property along said 
track on said information recording- medium by n 
modulating the intensity of said beam spot from said 
beam irradiating means, wherein said information 
mark recording means modulates said beam spot- 
in step with said clock signal. • . ; 

25. An information reproducing apparatus according to 
Claim 18, further comprising clock signal generat- 
ing means for generating a clock signal from a com- 
posite waveform detected by said detection means, 
wherein said clock signal generating means in- 
cludes zero cross point detecting means which de- 

; y tects a point where output of said composite wave- 
form is zero, and outputs a signal representing the 
timing of that point, and frequency -divider means 
for generating said clock signal by dividing the fre- 
quency of output of said zero cross point detecting 
means. ^ 

26. An information reproducing apparatus according to 
Claim 25 wherein said reference signal generating 
means generates said reference signals from said 
clock signal. 1 

27. An information reproducing apparatus according to 
Claim 25, further comprising information mark re- 
cording means for recording information marks 
formed as changes in optical property along said 
track on said information recording medium by 
modulating the intensity of said beam spot from said 
beam irradiating means, wherein said information 
mark recording means modulates said beam spot 
in step with said clock signal. 

28. An information reproducing apparatus comprising: 

a rotating portion to rotate an information re- 
cording medium on which information has been 
recorded by wobbling said borders on both 
sides of a track with* cliff e rent phases ; 
a beam irradiating portion for irradiating a beam 
spot on said track of said information recording 
medium; ' f ' 

a photodetector for receiving a reflected beam 
of said beam spot from said information record- 
ing medium; 

detection' means for detecting a composite 
waveform including waveforms on said borders 
on both sides from the received beam intensity 
of said photodetector; 
' phase change detecting moans for detecting 
changes in the phase of wobbling waveforms 
on the borders on both sides from said compos- 
ite waveform; and 
/ \ information reproducing means for reproducing 
1 ~ information corresponding to detection result of 
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40 



10 



15 



- said phase change detecting means by using 
>- a predetenmined relation between • phase 
changes and information. 

t' ■ v . . . 

-29. . An information reproducing apparatus comprising: 5 



a rotating portion for rotating an information re- 
cording medium on which information has been 
recorded rby wobbling said borders on both 
sides of a track with different phases; 
L a beam irradiating portion for irradiating a beam 
spot on said track of said information recording 
medium; 

a photodetector for receiving a reflected beam 
of said beam spot from said information record- 
t ing medium; . r 

detection means for detecting a, composite 
waveform including waveforms on said borders 
on both sides from the received beam, intensity 
of said photodeteclor; 

phase change detecting means for detecting 
changes in .the. phase of wobbling waveforms 
on the borders-on both sides from said compos- 
. ite waveform; and ... . r 
information reproducing means for reproducing 
information corresponding to detection result of 
said phase.change detecting means for the bor- 
ders on both sides by using a predetermined 
relation between phase changes and informa- 
tion. . 



- alternately formed : wherein borders in a direction of 
%,said track of said land and groove sections are wob- 
bling, and wherein by recording control information 
. by said wobbling, information other than said con- 
trol information, corresponding to at least 80 % of 

information which can be recorded in a recordable 

area, can be recorded. 

33. An information recording medium consisting of a 
track in which land sections and groove sections are 
alternately formed and data are. recorded in block 
unit, wherein borders in a direction of said track of 
said land and groove sections are . wobbling, and 
wherein by recording control information by said 
wobbling, data other than said control information, 
corresponding to at least 80 % of a capacity of said 
block, can be recorded. 



20 



25 



30 



30. An information reproducing apparatus according to 
- Claim 18, further comprisingtrack shift signal gen- 
erating means fongeneratingatrackshift signal rep- 
resenting a displacement of said beam spot from 
the center of said track by using a composite wave- 
form detected by said detection, means. 

31 . An exposure system for an original disk for an infor- 
mation recording medium, comprising: 

a rotating device for driving an original disk; 
a beam irradiating portion for irradiating a beam 
spot. for ; exposure on. said original disk:; 
a scanning means which performs exposure to 
light Jn the shape of, the track by scanning said 
beam spot in a radial direction of said original 
disk; and 

control means for controlling the width of scan- 
ning by said scanning means; . 
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40 



45 



so 



wherein said control means controls said 
scanning means so that the borders. on both sides 
- of said;track shift in phase from each other with a 
. predetermined phase difference. ... 55 

32. An information recording, medium consisting of a 
( . track in which land sections and groove sections are 
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